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ABSTRACT
INFLUENCE OF INDIVIDUAL DIFFERENCES AND RULE
TRAINING ON PRISMATICALLY INDUCED
TRANSFER EFFECTS

by
MICHAEL E. TIRRELL
University of New Hampshire
1979
Adjustment to prismatic rotation has been hypothe
sized to involve a cognitive rule-learning process, in which
an explicit rule is used by the subject to achieve accuracy,
and an automatic, perceptual-motor process, in which re
sponding is under non-cognitive, habit-like control.

The

present study attempted to verify the existence of the twoprocess model by examining variables hypothesized to influ
ence the development of the automatic process.

The variables

examined included individual difference variables as well as
treatment variables.
One hundred and five University of New Hampshire in
troductory psychology students were tested on their mechanical
reasoning, space relations, and verbal reasoning abilities
and on their ability to adjust to two successive prismatic
rotations.

Adjustment ability in each prismatic rotation

was determined by the average discrepancy between how the sub
ject set an unseen rotatable rod to reflect the orientation

of a stimulus seen in the visual field, and how the stimulus
was actually oriented in the visual field.
The first prismatic rotation was designed to differ
entially influence the development of automatic responding
for different subjects by manipulating the presence or ab
sence of Rule Training, the number of rod-setting trials,
and the number of different stimulus positions.

The second

prismatic rotation was used to measure the effect of auto
matic responding.

It was hypothesized that mechanically and

spatially adept individuals who experience Rule Training and
had many trials from a few different stimulus positions would
develop automatic responding in the first rotation, and thus
show interference effects in the second rotation.

It was

also hypothesized that, while diminishing over time, the in
terference effect would be greatest at perceived stimulus
positions which were most similar to previously perceived
stimulus positions from the preceding stage.
The results showed that:
(1) subjects with high scores on the mechanical reasoning
and the space relations tests were more accurate on the
rod-setting task;
(2) Rule Training failed to significantly affect performance
in the second prismatic rotation, although the pattern
of non-significant results suggested that Rule Training
facilitated performance in the second prismatic rotation;
(3) the number of rod-setting trials in the first prismatic
rotation interacted with the number of different stimulus

positions in the first prismatic rotation to affect
performance in the second prismatic rotation in a manner
indicative of a non-linear relationship between the
number of first rotation trials at each stimulus posi
tion and second rotation performance;
(4) the perceived similarity of the stimulus position in
the second rotation to a previously perceived stimulus
position did not significantly affect the subjects'
performance.
These results were interpreted as providing strong
support for the influence of individual differences in me
chanical-spatial ability on prismatic adjustment.

No support

was found for the hypotheses developed from the two-process
model of prismatic adjustment.

However, the results led to

the generation of a number of post hoc hypotheses concerning
the nature of the two-process model of adjustment.

Spe

cifically, variables affecting the development of automatic
responding were re-evaluated.

According to the re-evaluation

of the variables' effects, Rule Training acts to prolong,
rather than abbreviate, the cognitive rule-learning process.
Furthermore, attempts to refine adjustment behavior after
the development of automatic responding acts to reinstate
the rule-learning process.
Finally, the direction of future research, necessary
to fully understand the processes involved in adjusting to
prismatic rotation, was discussed.

I. INTRODUCTION
There are a number of different ways to approach the
questions concerning perceptual learning.
developmental psychologists

For example,

(e.g., Bower, 1966; Bruner, 1957;

Gibson and Walk, 1960) have concentrated on maturational
factors and their influence on perceptual phenomena such as
depth perception, form perception, and perceptual constancies.
Other psychologists have examined susceptibility to visual
illusions

(e.g., Gregory and Wallace, 1963; Moed, 1959) and

have attempted to answer questions regarding the learned
aspects of form and space perception.
tion to altered perceptual systems

Research in adapta

(e.g., Ebenholtz, 1973;

Harris, 1965; Held, 1965) has provided information concerning
the conditions under which perceptual learning is most effi
cient.

Studies dealing with the attainment of concepts of

a perceptual nature

(e.g., Attneave, 1957; Forsyth, 1974;

Siegel, 1973) have helped to find similarities between pro
cesses in verbal learning and perceptual learning.
The variety of methods appears to be advantageous in
that the results from using one method may suggest underlying
processes not apparent when perceptual learning is explored
with another method.

Perceptual learning was researched in the

present study by examining the processes involved in adjust
ing to prismatically rotated visual fields.

Furthermore, the

evidence of large individual differences in perceptual learning
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(e.g., Davis and Haueisen, 1976; Sherman, 1967, 1974) led
to a concern for identifying groups of individuals and com
paring them on their effectiveness in adjusting to environ
mental changes.

Previous research using similar procedures

to those used in the present study (Tirrell, 1977)

found

evidence suggesting the existence of two processes used in
adjusting to environmental changes.

One process was considered

to be an automatic, non-cognitive, perceptual-motor process.
The other process was considered to be a deliberate, cogni
tive, rule-learning process.

Evidence supporting the exis

tence of these two processes was sought in the present study
by systematically and parametrically testing the validity of
the two process interpretation.

Also, as a result of the

significant sex differences found in Tirrell's previous
research (1977), there was a need to examine individual dif
ferences that account for variability in performance.

How

ever, the formation of groups in the present study was based
on the results of individual difference testing rather than
on the sex of the subject.

Thus, using prismatic rotation,

an attempt was made to find support for an individual difference-by-treatment interaction explanation of the performance
differences found in this and in previous studies.
A number of different areas within psychology were
found to be important in understanding the background for the
present study.

Of greatest importance was the area of pris

matic adaptation.

While reviewing this literature, emphasis

was placed on a review of the processes involved in adjusting
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to visual rearrangement.

Because of the similarities between

the processes hypothesized in the present study and the pro
cesses that have been found in problem-solving and in motorskill learning studies, literature from both of these areas
was reviewed.

Finally, the importance of the person variable

in perceptual learning necessitated careful examination of
the findings of studies dealing with individual differences
in perception and cognition.
Review of Prismatic Adaptation Literature
The use of a prismatically altered visual world as a
method of exploring perceptual processes is not a new approach
within perceptual research.

As early as the turn of the

century, G. M. Stratton's research

(1897), using prismatically

induced up-down, left-right reversal, pointed to the importance
of experience in visual perception.

Other researchers

(e.g.,

Peterson and Peterson, 1938; Snyder and Snyder, 1957) explored
the nature and duration of transfer effects from inversion
viewing to normal viewing by interspersing an extended period
of normal viewing between two periods of prismatic viewing.
Results showed that performance on tasks such as mirror trac
ing and card sorting just prior to and immediately following
the intervening period of normal viewing did not differ to any
great extent.

The experimenters' conclusions stressed that

accuracy on the tasks under prismatic viewing conditions was
the result of learning specific task responses rather than
the result of a general adaptation.

4

Interest in the study of perceptual learning using
prismatic adaptation has continued to grow since Snyder and
Snyder's work

(1957).

Variables affecting the magnitude of

adaptation have been studied extensively.
associates

Held and his

(Held, 1961, 1965; Held and Freedman, 1963; Held

and Hein, 1958), as well as Coren (1966), DeOlden
Kaiser (1974), and Wallace

(1973),

(1975), examined the effects of

active versus passive movement during exposure on the amount
of prism adaptation.

Ebenholtz

(1966, 1968) and Efstathiou

(1969) researched the influence of the degree and time of
exposure (i.e., trials) on prismatic adaptation effects.
In general, the results of these studies have found that
active exposure to large displacements or tilts for extended
periods of time results in the greatest amount of adaptation.
The influence of cognitive factors on prismatic adap
tation has also been studied.

Canon (1971) studied the

effect of directed attention during displacement of the
visual field.

He found that, in the case of intermodality

discrepancies, a maladaptive shift occurred in the unattended
modality.

Uhlarik

(1973) not only confirmed Canon's results

but also found that greater feedback information led to
greater adaptation.

Furthermore, prism awareness decreased

the magnitude of the effects.

Welch (1972) concluded that

adaptation to rearranged vision may depend on the subject's
belief that the visual field has been altered and/or his
acceptance of the visual body limb as his/her own.

Each of

these studies, while specifically providing information
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concerning the influence of cognitive variables on adaptation,
has furthered the understanding of adaptation as a complex
interaction of sensory, perceptual, and cognitive factors.
Various explanations have been proposed to account for
the adjustments made to changes in incoming sensory data.
One class of explanations centers over the perceptual end of
a perceptual-cognitive continuum.

The other class of explana

tions centers over the cognitive end of the same continuum.
Within the perceptual class, most prominent explanations
consider adaptation as a learning process in which adjust
ments are accomplished by minimizing the discrepancy between
sense modalities

(Kornheiser, 1976).

The reafference hypo

thesis as explained by Held and Freedman (1963) is an example
of a perceptual class explanation.

Held and Freedman consider

adjustment in the visual system to be the recorrelation of
sensory and motor feedback made possible by actively inter
acting with the altered environment.

Another explanation

from the perceptual class is known as the proprioceptive
change hypothesis (Harris, 1965).

This hypothesis explains

adjustment to visual rearrangement as a modification of the
position sense while the visual sense remains relatively un
changed.
The other class of explanations, which stress to a
greater extent the role of cognitive factors, includes hypo
theses such as the information availability hypothesis
(Coren, 1966) and the information processing hypothesis
(Uhlarik, 1973).

The underlying assumption of these hypo

theses is that adjustments to environmental changes occur
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as a result of the processing of feedback regarding the
extent of the change.

The efficiency of adjustment is depen

dent upon the amount of information available to the indivi
dual.

According to these more cognitive explanations, both

reafferent and proprioceptive feedback are sufficient but
not necessary conditions to produce adaptation.
Thus, the perceptual and cognitive explanations have
been hypothesized and tested in order to better define the
process of adjustment to visual change.

There is a growing

body of evidence suggesting the existence of multiple pro
cesses in adjustment.

Some evidence supports the involvement

of cognitive processes while other evidence supports the
involvement of perceptual processes.

The question may re

volve around a matter of "how much" of each process is in
volved in adjustment, rather than "which" process is involved.
In either case, the multiple process approach to adjustment
has been useful in explaining adjustment differences between
types of visual rearrangement (i.e., displacement and rota
tion) as well as differences within a specific type of rear
rangement.
Support for the multiple process approach accounting
for differences between types of adjustment has been found
in G. M. Redding's interpretation of his experimental results
(1973, 1975).

In comparing adjustment to prismatic rotation

and adjustment to prismatic displacement, Redding reported
differences in the rate and amount of adjustment, as well as
in the decay of adaptation, to the different rearrangements.
Specifically, adaptation effects and their decay were more
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rapid and less complete for prismatic rotation than for pris
matic displacement.
results

According to his interpretation of the

(1975), different processes are involved in adjusting

to prismatic rotation than to prismatic displacement.

More

recently, Yachzel and Lackner (1977) interpreted the findings
of their transfer of adaptation study as evidence for differ
ent principles controlling sensori-motor adaptation after
effects and visual adaptation aftereffects.

Since, in their

study, the long-lasting aftereffects of prismatic displacement
were found to be independent of the particular visuomotor
act performed during the exposure period, Yachzel and Lackner
concluded that sensori-motor aftereffects are the result of
a generalized adaptation.

Visual aftereffects, on the other

hand, have been found to be the result of highly specific
adaptation to certain stimulus conditions

(McCollough, 1965).

The existence of multiple processes within a specific
type of rearrangement has been found in both prismatic dis
placement and in prismatic rotation.

McLaughlin, Rifkin, and

Webster (1966) found that oculomotor adjustment to prismatic
displacement could be explained in terms of two component
parts.

One part was an adjustment to the asymmetry of the

visual display resulting from the displacement.

The other

component part was a compensation for the apparent rotation
about the vertical axis.
by the wedge prisms.

This apparent rotation was induced

Another team of researchers

(Melamed,

Beckett, and Halay, 1976) in studying target pointing errors
following prismatic displacement, concluded that, for certain

individuals, adaptation to prismatic displacement is the sum
of a visual shift and a proprioceptive shift.
Evidence for multiple processes within adaptation to
prismatic rotation has also been found.

Mikaelian and Held

(1964), after finding that active exposure to tilt resulted
in a shift in both the visual aftereffect and in egocentric
localization, suggested that two types of perceptual adapta
tion exist.

One of the types of adaptation was hypothesized

to be the result of normalization.
to be the result of reafference.

The other type was thought
While studying transfer of

adaptation, McIntyre and Pick (1974) noticed that two phases
of adaptation occurred.

The initial phase was a quick-acting

proprioceptive adaptation.

Eventually, this adaptation was

replaced by a visual adaptation.
Tirrell's previous research with prismatic rotation
(1977), suggested that both cognitive and perceptual processes
exist within prismatic rotation adjustment.

In that study,

the individual's task was to accurately align a rod to re
flect the trajectory of a ball observed moving across a cir
cular visual field.

Prismatic rotation of the visual field

was in effect during stimulus viewing.

By examining the

effect of one prismatic rotation on adjustment to an imme
diately subsequent prismatic rotation, the researcher sought
to define the transfer effects across prismatic alterations.
The results showed that whether facilitating or interfering
transfer effects occur depends upon the sex of the subject
as well as the specific combination of initial and subsequent
rotations.

Specifically, males showed significant interference
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effects in the performance of a 15° counterclockwise rotation
following exposure to either a 75° counterclockwise rotation
or a 15° clockwise rotation.

Females did not show interfer

ence effects in these or in any other conditions.

However,

females did show a facilitating transfer effect in the per
formance of a 75° counterclockwise rotation following exposure
to a 45° or a 105° counterclockwise rotation.

Males did not

show a facilitating transfer effect in these or in any other
conditions.

In fact, the males' performance in the 75° coun

terclockwise rotation following a 15° counterclockwise rota
tion was indicative of an interfering transfer effect, although
the effect did not reach statistical significance.
The research findings were interpreted as suggestive
of two separate processes used in adjusting to prismatic
rotation.

Specifically, one proposed process was a deliber

ate, cognitive, rule-learning process.

For example, under

a 90° prismatic rotation, the individual may adjust using
the rule, "Everything is as I perceive it except horizontal
is now vertical."

The other process used in adjusting was

suggested to be a more automatic, perceptual-motor adjustment
process, similar to what James

(1890) called a "habit"

(p. 114).

The interpretation of the results also suggested that
whether facilitation or interference occurs in a rotation
combination is the result of the differential use of the two
hypothesized processes in the initial and subsequent rota
tions.

Two general statements were formulated to account for

the different transfer effects:
(1) When a non-cognitive, automatic, perceptual-motor
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process is used as a means of achieving accuracy in the first
rotation, interference will be seen in a subsequent rotation,
if the subsequent rotation involves an adjustment in the
opposite direction.

The interference effect is the result

of residual automatic responding of which the individual is
unaware.
(2)

Previous use of a rule-learning process involving

axes facilitates performance in a subsequent rotation in
which a rule-learning process is also effective.

Facilita

tion in these conditions is the result of the transfer of
training in the use of a rule.
Because of the difference in the transfer effect for
males and females, it appeared that males and females make
differential use of the two processes.
Regardless of whether facilitation or interference
occurred, the amount of the transfer effect was found to depend
on the angle at which the stimulus object crossed the visual
field.

Careful examination of the data revealed that the

transfer effect was greatest at the angles in the second rota
tion which were seen under the prismatic change as most simi
lar to a perceived angle of the initial rotation.

In rotation

combinations where facilitation occurred, the pattern of re
sults was interpreted to indicate the use of a conscious
strategy, such as "Set the rod quickly to how I perceive the
stimulus move, then rotate it from there according to my
rule."

If the angle is close to one seen before, the indi

vidual has had practice with the initial part of the task,

that of setting the rod to the perceived line of movement.
It is then a matter of mastering the rule for the amount of
rotation away from the perceived line of movement.
In rotation combinations where interference occurred,
greatest interference at similarly perceived lines of move
ment was interpreted to indicate the presence of habit-like
responding.

Kohler (1964) stated that "one may say that a

subject, without realizing it, has certain latent afterimages
which become dominant as soon as certain previously experi
enced aspects of the situation reappear"

(p. 27).

Applying

this idea to the perceptual-motor process interpretation of
adjustment, maximum interference was found at a perceived
line of movement with the greatest likelihood of bringing
to life latent afterimages from the earlier rotation.
Thus, research using the adjustment to prismatic al
terations has provided a wealth of information concerning the
conditions under which perceptual learning occurs as well as
the possible processes involved in perceptual learning.
Review of Related Non-Prismatic Literature
If adjustment to prismatic rearrangement is considered
to be the discovery and use of a cognitive rule, followed by
the development of a more automatic motor response, then it
is important to interpret results of Tirrell's previous re
search (1977) in light of two related areas within psychology.
Specifically, research in concept attainment/problem-solving
and in motor-skill learning provide important information for
understanding the processes involved in adjusting to prismatic
rotation.
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Hypothesis testing theories of concept attainment
(Levine, 1966, 1974; Restle, 1962; Trabasso and Bower, 1968)
have theorized that, in attempting to attain concepts, indi
viduals sample a subset of hypotheses until the correct
hypothesis is found as evidenced by correct responding.
Fink's study (1972), which showed that response latency
decreased with the elimination of hypotheses until the cor
rect hypothesis was chosen, supports the hypothesis testing
theory.

Providing a rule, rather than having the individual

search for a rule, has been found to facilitate concept
attainment and problem-solving as well as to facilitate the
transfer of learning to similar concepts or problems.
example, Wittrock

For

(1963) found that, when enciphering sen

tences in a concept formation task, individuals given a rule
correctly decoded more sentences and showed greater reten
tion and positive transfer effects than individuals who did
not receive a rule.

Sentences in the transfer task were

similar to the sentences used in the initial task.

Ross,

Hubbell, Ross, and Thompson (1976) found that didactic train
ing in a problem-solving task was more successful in pro
ducing facilitating transfer to problems involving similar
strategies than were methods involving inductive approaches.
If, however, the concepts or problems in the transfer
task are different in a major way from those in the initial
learning, rule training results in an interfering transfer
effect

(Divorski, 1976; Egan and Greeno, 1973).

According

to Egan and Greeno (1973), learning by rule involves the add
ing of new components to already existing cognitive structures.

Since the new components need time to be integrated, vastly
different problems from the ones to which the rule applied
do not receive the benefit of rule training that similar
problems receive.
One of the causal factors of the interfering transfer
effect found in problem-solving has been theorized to be
the result of Einstellung or persistence of set (Levine, 1971;
Luchins, 1942).

In testing for persistence of set, individuals

receive a number of problems whose function is to cause the
individual to develop the use of a particular strategy.

The

problems in the transfer task necessitate the use of another
strategy.

As a result of persistent responding using the

old strategy, performance decreases under the new conditions
(Levine, 1974).

Support for the theory that set responding

develops over trials was found in an experiment by Wood,
Shotter, and Godden (1974) which compared performance on un
expected probe questions following varying number of rela
tional problems.

It was found that the likelihood of being

able to answer unexpected probe questions decreased as the
number of problems solved increased.
Evidence for the existence of multiple processes within
problem-solving was found by Lindahl

(1973).

In his experi

ment, a group of subjects having more familiarity with rele
vant knowledge, skills, and experience for the task to be
solved was compared to a group having little relevant experi
ence.

The results showed that the experienced group used a

more conceptual approach to problem-solving.

Lindahl inter

preted the results as evidence that early learning in
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problem-solving situations necessitates inductive, perceptual
information gathering while later learning in problem-solving
situations makes use of conceptual, internal information.
Comparisons can be made between the multiple processes
found in problem-solving and the multiple processes hypothe
sized to exist in perceptual adjustment.

As in problem

solving, early perceptual adjustment may involve the formula
tion of a rule.

The second stage in perceptual adjustment

may be a more automatic, perceptual-motor process analogous
to the perceptual set or use of internal information found
in problem-solving situations.
Perceptual adjustment not only involves the discovery
of the nature of the rearrangement.

It also involves the

learning of motor patterns to fit the altered environment.
There is strong support for the existence of processes in
motor-skill learning similar to the rule-learning and the
perceptual-motor processes hypothesized to exist in perceptual
learning.

For example, Kohler

(1964) found that during per

iods of prismatic viewing, the performance of motor acts,
such as bicycle riding and skiing, were at first possible
only when much attention was given to the performance of the
motor act.

However, after extended periods of altered vis

ual sensations, motor behaviors were accurately performed
with very little attention being given to their performance.
At this point in learning, there were only occasionEil lapses
back into consciously attending to the performance of the
motor act.

Thus the change from cognitive responding to auto

matic responding seen in problem-solving situations has been
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addressed by Kohler in terms of motor-skill learning.
Fitts

(1962) directly addressed the issues of pro

cesses in motor-skill learning.

In discussing the phases

of complex skill learning, he theorized that learning pro
ceeds from cognition to fixation to automation of behavior.
Kleinman (1977) interpreted Fitts' stages as follows.

The

first phase, cognition, is dependent upon perceptual, verbal,
and visual abilities.

Phase II, fixation, finds regulation

and mediation of behavior relegated to the lower brain cen
ters involved in perceiving changes in pressure and duration
of movement.

The importance of verbal information is greatly

diminished in this phase.

The third phase, automation, is

reached when relegation to lower brain centers is accomplished.
Kleinman's interpretation is consistent with Fitts'

(1951)

belief that visual feedback is important in the early stages
of skill learning but that the "feel" or the proprioceptive
feedback becomes important later in skill learning.
Other motor skills theorists have echoed similar ideas
to those held by Fitts.

Adams

(1971) stated that motor-skill

learning is under conscious attention at the outset but later
becomes automatic.

More specifically, acquisition proceeds

from a verbal-motor stage to a motor stage.

Robb's

(1972)

theory of motor-skill acquisition described the stages of
skill learning as a stage involving the formation of a plan,
followed by a practice stage, followed lastly by a stage in
which the skill can be executed automatically.

Finally,

Vachon (1977), after comparing motor component instructions
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and discrimination component instructions, concluded that
a two-hand coordination task demanded a shift from a discrim
ination strategy to a motor strategy as learning progressed.
Findings on the interfering effects in motor-skill
learning are related to the development of automatic respond
ing.

Pepper and Herman (1970), in studying short-term motor-

skill retention, found that multiple repetitions of the cri
terion task resulted in larger recall errors.

This result

was assumed to be due to increased muscle tension.
ing evidence for Schmidt's

When seek

(1975) schema theory of discrete

motor-skill learning, McCracken and Stelmach (1977) found
that the absolute error on an immediate transfer test was
larger for groups that experienced little variability in
practice of a positioning task.

The results of these studies

suggest that decrements in performance on motor-skill tasks
occur after repeated trials that are highly similar and may
be due to the development of automatic motor responding during
training.
Research in all three areas, that is, in perceptual
adjustment, in concept attainment/problem-solving, and in
motor-skill learning, suggests the existence of at least two
processes.

One process appears to be more cognitive while

the other process appears to be more automatic.

Furthermore,

learning seems to progress from the cognitive to the auto
matic process.

In discussing the changes that take place as

an individual becomes more competent at a task, Glaser (1976)
has stated that

Performance becomes increasingly symbolic, covert
and automatic.
The learner responds increasingly
to internal representations of the event, to inter
nalized standards, and to internalized strategies
for thinking and problem solving.
(p. 9)
This statement appears applicable to perceptual adjustment,
problem-solving, and motor-skill learning.
Review of Related Individual
Difference Literature
Vast individual differences in adjustment performance
were found in Tirrell's previous research
attributed to male-female differences.

(1977), and were

It seemed inappro

priate to rely on the male-female variable for explanatory
purposes since a small minority of the males showed a pattern
of results similar to a majority of the females.

Similarly,

a small minority of the females showed a pattern of results
similar to a majority of the males.
One method that has been proposed as a means of im
proving information yield from aptitude-by-treatment inter
action studies like Tirrell's

(1977) is known as the "task-

first" approach to individual differences

(Rhett, 1972) .

Studies using the "task-first" approach to individual differ
ences

(e.g., Forsyth, 1977; Rhett, 1974) have suggested that

careful examination of the task characteristics should precede
the identification of plausible individual difference vari
ables to be studied.

The design of specific treatment vari

ables should also be congruent with the proposed or identified
task factors.

By proceeding in this manner, Rhett

(1974) be

lieves that the accountable variation due to aptitude and
treatment can be maximized.

Based on the spatial and mechanical characteristics
of the rod-setting task used in Tirrell's research (1977),
the sex differences were interpreted to be the result of in
dividual differences in spatial visualization and mechanical
reasoning.

Furthermore, the likely involvement of a percep

tual-motor process in adjustment to prismatic rotation sup
ported the interpretation of individual differences in spatial
visualization and mechanical reasoning as important factors
in the significant sex difference.
Differences in spatial visualization and the process
ing of spatial information have been found to fall primarily
within sex differences

(Kail and Siegel, 1977; Maccoby and

Jacklin, 1974; Sherman, 1974).

This has been found to be

especially true for tasks involving the transformation of
visual stimuli

(Fairweather, 1976).

Bennett, Seashore and

Wesman (1974) found consistent sex differences for high school
juniors and seniors in the Space Relations scale and in the
Mechanical Reasoning scale of the Differential Aptitude Test.
Males tended to excel on both of these scales.
The importance of difference in space perception on
what has been labeled cognitive performance has been documented.
For example, research on geometric and mathematical problem
solving (Sherman, 1967) indicated that space perception was
the relevant variable in differences that had been previously
labeled as analytic-cognitive in nature.

Also, in exploring

perceptual factors and individual differences in verbal prob
lem-solving, Mendelsohn and Covington (1972) found that space

perception differences accounted for sex differences in ver
bal problem-solving under "stimulus-absent" conditions.
While much research has been undertaken examining the
influence of differences in space perception on perceptual
and cognitive processes, a few studies have also been per
formed which examine the influence of perceptual-motor abil
ities on perceptual processes.

Most notable of these are the

studies of Warren and Platt (1975) and Melamed, Beckett and
Halay (1976).

These researchers examined individual differ

ences in prismatic adaptation and stressed in their conclusions
the importance of subject differences in eye, hand, and eyehand coordination on the motor performance aspects of adjust
ment.
Thus, if it is assumed that adjustment to prismatic
rotation involves an automatic, perceptual-motor process,
then individual differences in adjustment may be the result
of differences in spatial abilities or mechanical reasoning
abilities.

If adjustment also involves a cognitive, rule-

learning process, then a verbal variable must be sought that
relates to individual differences in formulating rules.

Roff

(1952) , in factor analyzing 70 individual difference tests,
identified a visualization, a mechanical, and a verbal factor
as three distinct factors tapped by perceptual tests.

Con

sideration of these factors may prove useful in defining the
processes involved in adjusting to environmental changes.
Statement of the Problem
The model for perceptual adjustment, from which the
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hypotheses of the present study were generated, posits an
initial rule-learning stage of adjustment which is gradually
replaced by a more automatic, perceptual-motor stage.

Using

a transfer of adjustment paradigm not unlike the one used
in Tirrell's previous research (1977), the present research
was designed to systematically and parametrically examine
the two process model of adjustment.

Treatment variables

and individual difference variables related to the two pro
cesses were selected in order to test the validity of the
model.
It was hypothesized that factors influencing the pro
gression of adjustment from cognitive to automatic responding
in an initial experience with prismatic rotation would in
fluence performance in an immediately subsequent experience
with prismatic rotation.

Specifically, factors resulting in

the rapid development of automatic responding in the first
exposure were hypothesized to interfere with performance in
the second exposure.
One experimental variable proposed to be important in
the development of automatic responding was that of providing
a useful rule in the first rotation.

It was assumed that

rule training would promote the development of automatic
responding in the initial rotation because of the reduction
in the rule searching time of the cognitive rule-learning
process.

With the more rapid development of automatic res

ponding, greater interference would be seen in the rotation
condition that followed the rule training rotation.

Another experimental variable hypothesized to be im
portant in the development of automatic responding was the
length of exposure as measured by the number of trials.

A

general conclusion from previous studies has been that longer
exposure leads to a linear increase in automatic responding
which interferes with later responding under different con
ditions.

In the present study, longer exposure to the initial

rotation was hypothesized to promote the development of auto
matic responding and a resultant increase in the interference
transfer effect.

The exposure effect was expected to be

stronger for groups receiving rule training since those indi
viduals would have moved more rapidly to automatic responding
and, therefore, would have had more trials under the automatic
perceptual-motor process.
A third experimental variable expected to influence
performance in the second rotation was the variability of
exposure in the first rotation.

Increasing the similarity

of each trial in the initial rotation was expected to magnify
the interference effect due to exposure length.

In other

words, in the case of a rod-setting task, a large number of
trials from a small number of positions during the initial
rotation was hypothesized to promote the development of auto
matic responding in that rotation and thus promote greater
interference in the subsequent rotation.
Thus, the treatment conditions of rule training, length
of exposure, and variability of exposure in the initial rota
tion were hypothesized to influence second rotation perform
ance.

Specifically, it was thought that, in accordance with
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the two-process model of prismatic adjustment, rule trained
subjects experiencing many similar trials in the first rota
tion would perform more poorly in the second rotation.
Further evidence for the two-process model was sought
by examining where interference was greatest within the
second rotation itself.

The evidence was sought by system

atically varying the similarity of the perceived stimulus
positions in the second rotation to a previously perceived
stimulus position of the first rotation.

It was hypothesized

that with the development of automatic responding in the
first rotation, interference would be greatest at perceived
second rotation stimulus positions which were most similar
to previously perceived stimulus positions.

Furthermore, it

was assumed that an examination of the change in errors with
longer experience in the second rotation would reveal the
duration of the transfer effect.
As has been a concern in aptitude-treatment-interaction
studies, consideration of person variables having some con
sonance with the task factor was a concern in the present
study.

Assuming the involvement of a rule-learning process

and a perceptual-motor process in adjustment to prismatic
rotation, as well as considering the specific characteristics
of the task involved, subjects were classified on the basis
of individual difference measures which were hypothesized to
have a relationship to the two processes and the task.

The

individual difference measures used in this study were mea
sures of space relations, mechanical reasoning, and verbal
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reasoning.

Because of the potential main effects and inter

actions of the individual difference variable with treatment
variables, the classification of subjects was used to form
levels of a person variable.

It was hypothesized that indi

viduals scoring high on space relations and mechanical rea
soning would develop automatic responding more rapidly in
the initial rotation and thus exhibit larger errors in the
subsequent rotation.
In conclusion, the present study simultaneously mani
pulated treatment variables and individual difference vari
ables.

Interactions and main effects supportive of the two-

process model of prismatic adjustment were sought.

Specific

ally, the hypotheses were as follows.
(1) Rule trained subjects will show greater error in
a subsequent rotation than subjects who do not receive rule
training.

The difference between performance after training

and performance after no training will be greatest for sub
jects scoring low on the space relations and mechanical rea
soning measures and high on the measure of verbal reasoning.
(2) Conditions of long exposure and little variability
in the initial rotation will lead to larger errors in the
subsequent rotation.

The magnitude of the effect of exposure

length and variability will depend on the presence or absence
of rule training with rule trained subjects showing consis
tently greater errors.
(3) Within the second rotation condition, errors will
be greatest at perceived stimulus positions most similar to
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previously perceived stimulus positions.

This effect will

diminish with greater experience in the second rotation.
(4)

Individuals with high mechanical reasoning and

space relations abilities will exhibit a different pattern
of results than individuals scoring low on both of these
measures.

II. METHOD
Subjects.

One hundred twenty-seven students, 64

males and 63 females, enrolled in introductory psychology
at the University of New Hampshire, served as subjects in
partial fulfillment of their course requirements.

Pilot

data determined that no restrictions regarding corrective
lenses were necessary.

Pilot work also showed that left-

handed subjects, forced to use their right hand because of
the design of the experimental apparatus, did not produce
results that were highly discrepant from subjects who used
their dominant hand.

Therefore, left-handed subjects were

included in the present study.

The total number of left-

handed subjects was five and no two appeared in any one con
dition.
For 22 subjects, 11 males and 11 females, the experi
mental session data were not included in the final analyses
for the following reasons: 14 subjects, serving as pilot
subjects, received only two of the three experimental stages;
one subject failed to complete the experiment; three subjects
received inaccurate feedback due to experimenter error; three
subjects indicated that they had misunderstood the task; and
one subject indicated that her results were adversely affected
by discomfort during the experimental session.

The individual

difference testing data from these 22 subjects were used in
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the identification of individual difference factors and in
the formation of homogeneous subgroups.
Apparatus.

A cubicle, 156 cm. high by 91 cm. wide

by 91 cm. deep was equipped with a prism system that was
capable of rotating the visual field to any degree.

One part

of the system was a 33 cm. long tube with a diameter of 2 cm.
The tube, with its eyepiece, provided a standardized viewing
distance for all subjects.

All subjects sat in an upright

position, looking straight ahead, with their foreheads
against a headrest.
The prism system was constructed by the Hudson Pre
cision Optical Company.

Two prisms were cemented together

and mounted in a rotatable cylinder.

The resulting field of

vision for the subject was a homogeneous white circle approxi
mately 7.5 cm. in diameter.

The two cemented prisms created

a right-left reversal similar to what would be produced by
a mirror.

This reversal was corrected by a right-angle prism

at the end of the prism unit.

The right-angle prism reversed

the image as well as bent the proximal stimulus 90 degrees.
This allowed the subject to sit upright, look straight ahead,
and see the horizontal stimulus field near his/her lap.
The field was lit by a 4 watt bulb placed on line with
the center of

the prism.

that held the

prism.

avoid shining

directly on the prism.

A 17.5

The bulb was attached to the

shelf

It was attached in such a way so as to

cm. rod, which could be rotated in either direc

tion and to any degree, was located on the wall in front of
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the subject.

The rod was 35 cm. in front of the subject

and 18 cm. to the right of the centerpoint of the front wall.
Thus, the rotatable rod was directly in line with and 35 cm.
in front of the subject's right shoulder.

The pivot point

of the rod was 21.5 cm. above the horizontal board that served
as a table top.

The subject was unable to see the rod when

he/she was looking through the prism tube.
the subject's view of the apparatus.

Figure 1 shows

In Figure 1, a repre

sents the headrest, b represents the eyepiece, and c repre
sents the rotatable rod.
Figure 2 shows the experimenter's view of the experi
mental apparatus.

In Figure 2, a represents the prism, b

is the light, c is the experimenter's view of the rotatable
rod used by the subject, and d represents the field of view
of the subject.

The rod that the experimenter views is

directly connected to the rod the subject uses so as to allow
an exact reading of the subject's rod-setting.
The stimulus seen by the subject was a red dowel, 5
mm. in diameter and 15 cm. long.

The stimulus presentation

area was a circular disc 30 cm. in diameter.

The edge of

the white, opaque, plexi-glass disc contained markings which
allowed the experimenter to easily place the stimulus so that
the subject saw it under normal viewing conditions at one of
the following orientations: vertical, horizontal, 10° clock
wise off vertical, 10° counterclockwise off vertical, 25°
clockwise off vertical, 25° counterclockwise off vertical,
20°, 30°, or 50^ clockwise off vertical.

The subject's

Fig. 1.

Subject's view of the experimental cubicle.

(In this figure, a represents the headrest, b represents
the eyepiece, and c represents the rotatable rod.)

Fig. 2.
apparatus.

Experimenter's view of the experimental

(In this figure, a represents the prism, b

represents the light, c is the experimenter's view of the
rotatable rod, and d represents the visual field.)
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entire field of view was a circular portion of the plexi
glass disc 7.5 cm. in diameter.

Stimulus placement markings

were not visible to the subject.

Figure 3 shows the stimu

lus presentation area.

In this figure, a represents the

white, plexi-glass disc, b represents the outline of the
subject's field of view, c shows the markings used to assist
the experimenter in stimulus placement, and d represents
the stimulus dowel placed at a 25° counterclockwise orien
tation.
Transparencies to be used as visual feedback were made
to represent both the subject's rod-setting positions and the
actual positions of the stimulus dowel.

Transparencies with

a black line represented how the subject set the response
rod.

Transparencies with a red line represented how the

stimulus dowel had actually been placed in the visual field.
All possible necessary transparencies were made prior to
the beginning of the experimental session.
Procedure.

Data were collected in two sessions.

The

first session was the individual difference testing session.
In this one hour and 30 minute session, subjects were given
the Verbal Reasoning, the Mechanical Reasoning, and the Space
Relations scales of the Bennett, Seashore and Wesman
Differential Aptitude Test.

The administration of the Verbal

Reasoning scale took 25 minutes.
30 minutes to administer.

(1972)

The other two scales took

All subjects received the scales

in the same order, which was:

(1) the Verbal Reasoning scale,

(2) the Mechanical Reasoning scale, and (3) the Space Rela
tions scale.

In this session, subjects were run in groups
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Fig. 3.

Stimulus presentation area.

(In this figure,

a represents the white disc, b represents the outline of
the subject's field of view, c shows necessary placement
markings, and d represents the dowel at 25° counterclock
wise.)

of up to 20 individuals per group.

At the conclusion of the

session, each subject made arrangements to return individu
ally for a second one hour and 30 minute session.
Experimental data were collected in the second session.
Each subject was tested individually, using the apparatus
described above.

When the subject arrived at the experimental

session, instructions describing the procedure were read.
The subject was instructed that the task would be to set the
rotatable rod so that it was parallel to the actual position
of the red dowel that had been placed across the visual field
during a few seconds of darkness.

It was also explained that,

following each stimulus presentation, visual feedback would
be given.

Feedback was in the form of a red line depicting

the actual placement of the dowel overlayed with a black line
that depicted the subject's setting of the rod.

Using the

information provided by the feedback, the subject was instructed
to correct on successive trials any errors in rod-setting.
The complete instructions to the subject appear in Appendix A.
After the task was explained, the subject was reminded to
remove her/his head from the head support only when instructed
to do so.

The subject then put an eye patch over the non

preferred eye, and sat so that her/his head rested comfortably
on the head support and so that the field of view was fully
visible.
The experimental session was divided into three stages.
In Stage I, the prism system was adjusted so that the visual
field was not rotated.

The purpose of Stage I was not only to

familiarize the subject with the apparatus, but also to ob
tain pre-experimental measures of the subject's eye-hand
coordination under the various conditions to be described
below.

In Stage II, the visual field was prismatically ro

tated 75° counterclockwise off vertical.

The purpose of

Stage II was to induce automatic responding in certain sub
jects.

In Stage III, the visual field was prismatically

rotated 15° counterclockwise off vertical.

The purpose of

Stage III was to measure transfer effects.

The 75° - 15°

rotation combination was previously found to result in a
clear interference transfer effect for some individuals
(Tirrell, 1977).

Since the present study attempted to in

fluence the transfer effect by manipulating experimental
variables in Stage II, this combination of rotations was used.
Each stage consisted of a number of trials.

A trial

in each stage involved the subject setting the response rod
followed by receiving visual feedback as to the accuracy of
the rod-setting.

On each subsequent trial, the subject's

task was to minimize the discrepancy between rod-setting
performance and actual placement of the dowel.

The subject

made all rod-setting responses with the right hand.

Since

the subject maintained contact with the head support, he/she
was unable to see the response rod.

For each trial, the

stimulus dowel was visible for three seconds before the ex
perimenter extinguished the visual field light.

Prior to

reilluminating the field of view, the experimenter recorded
the subject's rod-setting on a data sheet and placed two
transparencies, one depicting the subject's response and the

other depicting the correct orientation, in the field of
view.

When the light was turned on, the subject was told to

attend to the angle of discrepancy between the two lines.
The subject was informed every few trials that the red line
represented how the dowel had actually been placed and the
black line represented how he/she had set the rod to reflect
the placement of the dowel.

In Stages II and III, the feed

back was viewed under the same prismatic change as was in
effect during the stimulus presentation.
The subject was allowed to view the transparencies
for three seconds, after which the visual field light was
extinguished and the subject was instructed to release the
response rod.

At that time, the experimenter removed the

transparencies from the visual field and placed the stimulus
dowel at the position for the next trial.

The response rod

was also set at a new pre-determined orientation that was
different from the actual position of the stimulus dowel.
The initial position of the response rod was varied on each
trial in order to eliminate position of the response rod as
a possible cue regarding stimulus placement.

The different

initial positions for the response rod were 30° clockwise
and counterclockwise off vertical, 45° clockwise and counter
clockwise off vertical, 60° clockwise and counterclockwise
off vertical, vertical

(0°), and horizontal

(90°).

Table 1 presents the sequence of stimulus placements
as well as the sequence of the initial response rod placements
for Stage I.

Appendix B shows the sequences of stimulus
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Table 1
Sequence of Stimulus Dowel and Response Rod
Placements for Stage I

Trial

Set 1

Stimulus Dowel

Response Rod

+25oa

-60

-25

+60

+50

-30

+25
Set 2

Set 3

+50

+30

-25

+45

+25

-45

-25

90

+50

Set 4

10

+25

-30

11

+50

-60

12

-25

+30

The + and - represent clockwise and counterclockwise
off vertical respectively.
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placements and response rod placements for each Stage II
condition.

Table 2 presents the sequence of stimulus place

ments and initial response rod placements for Stage III.
There were 12 trials during Stage I, or the Normal
condition.

Stage I was divided into four three-trial sets

used to measure eye-hand coordination.

In this stage, the

subject adjusted the rod on each trial by manually turning
it to satisfy the conditions imposed by the experimenter.
In the first three trials of this stage, the subject was
instructed to adjust the rod to reflect the orientation of
the red dowel while he/she viewed the dowel.

This set was

designed to measure basic eye-hand coordination on the rodsetting task to be used in Stages II and III.

For the second

three trials of Stage I, the subject was again asked to
adjust the rod to reflect the dowel's orientation.

However,

the adjustment was made after the visual field was darkened.
The purpose of this set of trials was to measure eye-hand
coordination accuracy after the disappearance of the stimulus.
The task in the third set of Stage I was to adjust the stimu
lus rod so that it was perpendicular to the orientation of
the red dowel.

Rod adjustments in this set were done while

the red dowel was in view.

The reason for the third set was

to measure eye-hand coordination along with the ability to
accurately judge what is perpendicular.

Finally, for the

last three trials of Stage I, the subject was instructed to
adjust the rod perpendicular to the orientation of the dowel
but rod adjustments were made after the visual field was
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Table 2
Sequence of Stimulus Dowel and Response Rod
Placements for Stage III

Triala

Stimulus Dowel

1

90°

2

+ioob

3

+30°

90°

4

-10°

+45°

5

+20°

-30°

Response Rod
0°
-45°

Set 1

o
O

8

0°

+30°

9

+20°

10

-30°

11

+30°

-45°

7

+60°
* * * * * * * * *

13
14

+10°

1
a\
o
0

O

+10°
* * * * * * * * * *
kO
o

12
* * * * *

o

Set 2

o

-60°

o

+60°
* * * * * * * * *

i

kD

0°
* * * * * * * * * *

H
O

6
* * * * *

15

+30°

0°

0

Set 3

+30°

+20°

18

0°

+45°
O

17

-45°

1
u>
o

1

o

16

aThe first trial of each set (Trials 1, 7, and 13)
is a catch trial.
^The + and - represent clockwise and counterclock
wise off vertical, respectively.
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darkened.

This set of trials was designed to measure eye-

hand coordination accuracy and the ability to estimate per
pendicularity after the disappearance of the stimulus.
The possible orientations of the red dowel were 25°
clockwise, 25° counterclockwise, and 50° clockwise off
vertical.

Each set of Stage I had one trial from each ori

entation.

The first trial of each set was always the 25°

clockwise position and served as a practice trial.

The other

two positions, 50° clockwise and 25° counterclockwise, alter
nated between the second and third trial of each set as shown
in Table 1.

The 50° clockwise and the 25° counterclockwise

positions were specifically chosen for Stage I because all
experimental subjects would experience these actual positions
in Stage II.

The experimenter wanted an estimate of the

subject's initial ability to adjust the rod to these positions.
Following the last trial of Stage I, the subject was
informed that a prismatic change would be introduced into
the visual system, and that the task would be to set the rod
to reflect the actual orientation of the dowel in the visual
field.

It was also explained that the dowel would appear to

be oriented differently from the actual orientation.

The

subject was told that, in setting the rod, he/she would have
to discover the tilt introduced by the prism and compensate
for it when adjusting the rod on each trial.

The subject was

then given the opportunity to see the prism system from both
the experimenter's and the subject's side of the apparatus.
Each subject was reminded that the visual feedback, of the
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same type used in Stage I, which was provided after each
trial would be useful in achieving accuracy under the ro
tated condition.
Stage II then began.

In Stage II, the visual field

was rotated 75° counterclockwise off vertical.
received 8, 16, or 32 trials in this stage.

Subjects

All trials in

this stage involved adjusting the response rod while the red
rod was in view.

During this stage, subjects saw the red

dowel at either two or four different placement positions.
Subjects in the four different position conditions saw the
dowel an equal number of times at vertical

(0°), and 25°

counterclockwise, 25° clockwise, and 50° clockwise off verti
cal.

The four positions were chosen so that:

equal size differences between each position;

(1) there were
(2) the dif

ference between positions were large enough to be easily
identifiable; and (3) positions fell on either side of and
included vertical.
Subjects in the two different position conditions saw
the red dowel an equal number of times at 25° counterclock
wise and 50° clockwise off vertical.

These two positions

were chosen out of the other four because they involved ad
justing the rod to either side of vertical and were perceived
to be in two different quadrants when the 75° counterclock
wise rotation was in effect.
At the beginning of the second stage, a preliminary
trial with the dowel placed at 90° (horizontal) was given to
each subject in all conditions.

Since no prior information
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was available as to the degree of the rotation, the purpose
of the preliminary trial was to provide feedback, thus per
mitting adjustment on subsequent trials.

As seen in Appendix

B, the sequence of trials in each Stage II condition was
chosen such that the last eight trials in the 32 or 16 trial
conditions were the same as the trials in the 8 trial con
dition.
One half of the subjects in each condition received
rule training in Stage II.

Specifically, after the prelim

inary trial, then after the first, third and every third
subsequent trial, subjects in the rule training conditions
were told the following:
A rule that some subjects have found useful is
to first set the rod like you see the dowel.
Then rotate the rod 90° or perpendicular to how
you see the dowel.
Finally, a slight counter
clockwise adjustment should bring you right on
target.
The other half of the subjects did not receive any rule train
ing.
Following the last trial of Stage II, the visual field
light was turned off and the subject was instructed that the
next trials would be in a different condition.

Furthermore,

the subject was told that the task would be the same as it
was in Stage II but that the stimulus viewing conditions would
be different.
Stage III then began.

In Stage III, there were 18

trials in which the visual field was prismatically rotated
15° counterclockwise off vertical.
while viewing the stimulus.

All adjustments were made

The stage was divided into three
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sets of five trials with a 90° catch trial at the beginning
of each set.

In each set, the stimulus dowel was placed at

five different positions.

The positions were 10° counter

clockwise, 0° (vertical), 10° clockwise, 20° clockwise, and
30° clockwise off vertical.

The positions were chosen so

that, under the 15° counterclockwise rotation imposed by the
prism, the dowel was seen as either 0°, 10°, 20°, 30°, or
40° away from a previously perceived position from Stage II.
The sequence of placements in the first and third sets of
Stage III was the same so as to allow a direct comparison
between performance at the beginning of Stage III and per
formance at the end of Stage III.

The sequence in the second

set of Stage III was a reversal of the sequence in the first
and third sets.

Table 2 shows the sequence of trials in

Stage III.
After the last trial of Stage III, each subject was
informed that the main part of the experiment was over, and
was then asked five questions regarding her/his awareness
of the prismatic changes and the strategy used in adjusting.
Appendix C shows the questions asked each subject.

After

the completion of questioning, the subject was debriefed and
thanked for participating.
debriefing sheet.

Appendix D is a sample of the

Each subject wrote a brief laboratory

report of the experiment as part of her/his laboratory experi
ence requirement.
Therefore, the present study manipulated five experi
mental variables.

One variable was whether or not an initial

rule was provided at the beginning and during Stage II.
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Two variables affecting the number of exposures to
specific stimulus situations in Stage II were manipulated.
One was the number of Stage II trials.
8, 16, or 32 trials.

Subjects had either

The other variable manipulated to

affect the number of exposures to specific Stage II stimu
lus situations was the number of different Stage II positions.
Subjects had either two or four different Stage II positions.
Another experimental variable examined differences in
performance at different sets within Stage III adjustment.
Performance in the first third and in the last third of
Stage III was compared.
In order to examine the effects of the perceived simi
larity of Stage III stimulus positions to perceived Stage II
stimulus positions, five positions differing in perceived
similarity to Stage II positions were selected to be used in
Stage III.
Finally, homogeneous grouping, based on the Euclidian
distance between factor scores derived from the Differential
Aptitude Test scales, was used to identify person variable
groups.

III. RESULTS
In order to verify the existence of the two-process
model of adjustment to prismatic rotation, a number of dif
ferent analyses were performed on the data.

The first set

of analyses was undertaken in order to form homogeneous sub
groups based on the individual's performance on the Differ
ential Aptitude Test scales.

A second set of analyses was

carried out on the data collected during the initial rotation.
The purpose of this set of analyses was to assure that the
experimental manipulation of rule training, in effect during
Stage II, affected the subject's performance in that stage.
A third set of analyses examined the influence of both
Stage II adjustment and individual differences on the trans
fer effect measured in Stage III.

Finally, a set of explora

tory analyses was undertaken in order to explore questions
generated by the other analyses.
Homogeneous Subgroup Analyses
The purpose of these analyses was to form groups of
subjects that exhibited similar abilities based on individual
difference testing.

Scores on the Space Relations scale,

the Mechanical Reasoning scale, and the Verbal Reasoning
scale were used as the basic data in these analyses.

Means

and standard deviations of the individual difference scales
are shown in Table 3.

The means represent the average number

of correct items on each scale for 127 subjects who completed
43
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Table 3
Means and Standard Deviations of
Differential Aptitude Test Scales

Scale

Meana

Space Relations

41.02

10.97

Mechanical Reasoning

51.72

8.77

Verbal Reasoning

42.06

5.97

an = 127 for each group
Maximum score = 60.
cMaximum score = 70.
^Maximum score = 50.

Standard Deviation
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the individual difference testing session.

The number of

possible correct items on the Space Relations, Mechanical
Reasoning, and Verbal Reasoning scales were 60, 70, and 50,
respectively.

The correlation between performance on the

Space Relations scale and performance on the Mechanical
Reasoning scale was .68.

The correlation between Verbal

Reasoning performance and Mechanical Reasoning performance
was .45, as was the correlation between Verbal Reasoning
performance and Space Relations performance.
Since the individual difference tests were included
in the present research in order to better define previously
found sex differences, t-test comparisons between male and
female performances on each scale were made.

Significant

differences were found between male and female performances
on the Space Relations scale (t = 2.84, df = 126, p < .01)
and the Mechanical Reasoning scale (t = 5.74, df = 126,
p < .01), with males performing better than females in both
cases.

However, no significant difference was found between

male and female performances on the Verbal Reasoning scale
(t = 1.55, df = 126, p < .05).
Prior to the formation of homogeneous subgroups, the
individual difference testing data were factor analyzed
using a principal components factor analysis.

The factor

analysis resulted in the emergence of two factors accounting
for 89.3% of the variance.

Performance on the Mechanical

Reasoning and Space Relations scales loaded heavily on Factor
1 which, accordingly, will be referred to as the Mechanical-

Spatial factor.

This factor accounted for 68.6% of the vari

ance in performance.

The Verbal Reasoning scale loaded

heavily on Factor 2 which, accordingly, will be referred
to as the Verbal factor.

The Verbal factor accounted for

20.7% of the variance in performance.

Table 4 shows the

Varimax Rotated factor matrix of loadings obtained from
the principal component factor analysis.

In this table,

the loadings of each test on each factor is evidenced.
Based on the factor scores derived from the rotated
factor score matrix, correlations between the sex of the sub
ject and each factor were computed.

The correlation between

Mechanical-Spatial factor scores and the sex of the subject
was .45.

This correlation indicated that males obtained

higher Mechanical-Spatial scores than females (p < .01).
The correlation between Verbal factor scores and the sex of
the subject was .04, indicating the absence of a relation
ship between the sex of the subject and his/her Verbal score
(p > .05).
Homogeneous subgroups were formed on the basis of the
factor scores for each subject on each of the two factors.
A hierarchical clustering analysis
form the homogeneous subgroups.

(Ward, 1963) was used to

The hierarchical clustering

analysis is a stepwise procedure used in forming groups on
the basis of maximizing between-group variation while mini
mizing within-group variation.

Each step involves the com

bination of two previously formed groups which are closest
on the basis of their Euclidian distance.

With each new com

bination, the H-group program specifies the magnitude of the

Table 4
Varimax Rotated Factor Matrix for Factor Analysis
on Differential Aptitude Test Scales

Scale

Factor la

y.
Factor 2

Space Relations

.8702

-.2868

Mechanical Reasoning

.8705

-.2855

Verbal Reasoning

.2530

.6755

aFactor 1 was labeled a Mechanical-Spatial factor.
Factor 2 was labeled a Verbal factor.
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error variation as derived by the sum of the squared devia
tion from group means.

Error is based on the straight line

distance between factor scores of subjects in a group and the
mean factor scores of the group.

The factor score differ

ences reflect £ score differences between individuals on the
two components of the principal components factor analysis.
The stepwise procedure continues until all subjects are clas
sified into one of two groups.
Consideration of error variation assists in selecting
the point at which to enter the grouping sequence to locate
homogeneous subgroups.

For the present study, it was decided

to examine the grouping where error variation was .03.

The

reason for the use of the .03 criterion was that increases
in error variation were less than .01 for every group combina
tion up to .03.

The next grouping beyond the point at which

the error variation reached .03 increased the error variation
by approximately .05 to .0785.

Furthermore, examination of

the matrix of Euclidian distances between subjects indicated
that additional grouping beyond those specified by the .03
error variation criterion combined subjects who were not
proximal to one another in the Euclidian space.

For example,

the next grouping beyond the grouping that resulted in a .03
error variation combined a group of subjects whose mean

z_

score on the Mechanical-Spatial factor was -.10 with a group
whose mean jz score on the Mechanical-Spatial factor was -1.25.
The use of the .03 criterion suggested the formation
of six subgroups.

However, it was decided to use eight homo

geneously formed subgroups in the present study instead of six.

49

Although the use of eight groups, which resulted in error
variation equal to .0285, did not significantly decrease
the .03 error variation, it allowed for the formation of two
additional subgroups which were of interest to the experi
menter.

One of the additional groups was a group of subjects

who received extremely low scores on both the MechanicalSpatial factor and the Verbal factor.

By considering only

six groups, this group would have been combined with a group
of subjects who scored low on the Verbal factor and slightly
below average on the Mechanical-Spatial factor.

The other

additional group (when considering eight groups instead of
six) was a group of subjects who received high Verbal scores
and extremely high Mechanical-Spatial scores.

By considering

only six groups, this group would have been combined with a
group of subjects scoring high on both individual difference
factor scores but extremely high on neither.

Table 5 shows

the factor score means and standard deviations of the Mechan
ical-Spatial factor and the Verbal factor for each group.
Figure 4 shows the range of factor scores on each factor for
each group.
The eight homogeneous subgroups were characterized as
follows.■*"
"''The term "extremely high" or "extremely low" refers
to group mean factor scores which were greater than one
standard deviation above or below a factor score of zero.
The term "high" or "low" refers to group mean factor scores
falling between .5 and 1.0 standard deviations above or
below a factor score of zero.
The term "slightly above" or
"slightly below" average refers to group mean factor scores
falling between .25 and .5 standard deviations above or below
a factor score of zero.
Finally, the term "average" refers to
group mean factor scores falling between .25 standard devia
tions above and below a factor score of zero.
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Table 5
Means and Standard Deviations of each Factor
for Eight Homogeneous Subgroups

Mechanical•Spatial factor

Verbal factor

a

ly
b
Mean

S.D.

1

11

1.2184

.1815

.7101

.2026

2

23

.6013

.1893

.5324

.3439

3

18

- .1001

.2298

.6508

.4691

4

13

-1.2047

.2806

.9971

.1927

5

16

1.2351

.5101

- .6154

.3716

6

15

.1089

.3732

-1.3993

.5713

7

16

-1.3290

.4186

- .2698

.3020

8

7

-1.0150

.5233

-2.1466

.9711

Group

n

Mean

S.D.

aData from eight subjects whose experimental data were
not used are not included in these calculations.
All means represent the mean of the factor scores
which are expressed in

scores.
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Group 1 subjects received extremely high MechanicalSpatial scores and high Verbal scores.
Group 2 subjects received high Mechanical-Spatial
scores and high Verbal scores.
Group 3 subjects received average Mechanical-Spatial
scores and high Verbal scores.
Group 4 subjects received extremely low MechanicalSpatial scores and extremely high Verbal scores.
Group 5 subjects received extremely high MechanicalSpatial scores and low Verbal scores.
Group 6 subjects received average Mechanical-Spatial
scores

and low Verbal scores.
Group 7

Spatial scores

subjects received extremely low Mechanicaland slightly below average Verbal scores.

Group 8

subjects received extremely low scores on

both

individual difference factors.
Manipulation Check Analyses
A second set of analyses was performed in order to
assess the effect of rule training manipulation on Stage II
performance.

Two separate rule training manipulation checks

on the Stage II data were carried out, using data from the
105 subjects completing both sessions of the experiment.
The first analysis consisted of an analysis of variance of
rod-setting errors in the first eight test trials of Stage II.
The second check consisted of an analysis of variance of
average rod-setting error over the last four trials of Stage II.
The design and the results of each manipulation check are de
scribed below.
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A Rule Training-by-Group-by-Trial unweighted-means
analysis of variance served as the first manipulation check.
The purpose of this check was to assure that rule training
facilitated the learning of the 75° counterclockwise rota
tion.

The Rule Training variable consisted of the presence

or absence of the rule supplied to the subject by the experi
menter at the outset of Stage II.

The Group variable was

defined by the eight groups formed in the H-group clustering
analysis.

The first eight test trials of Stage II served as

levels of the Trial variable and was a repeated measures
variable.

Table 6 presents the means used in this analysis

as well as the cell frequencies for the between subjects
variables.

The summary of the analysis of variance for these

data is presented in Table 7.
A significant effect due to Rule Training was found
(F = 12.065, df = 1/89, £ < .001).

As shown in Figure 5,

rule trained subjects were more accurate in the rod-setting
task than were subjects who did not receive rule training.
The Trial effect was also significant
df = 7/623, p < .001).

(F = 5.254,

Newman-Keuls tests for the Trial

effect showed that the errors that subjects committed in
Trials 5, 6, 7, and 8 did not differ from each other (p > .01.).
Errors in Trial 8 were significantly smaller than errors in
Trials 1, 2, 3, and 4 (p < .01).

Trial 7 also showed signifi

cantly smaller errors than Trial 1 (,p < .01).
ferences failed to reach significance

All other dif

(p's > .01).

Keuls results may be summarized as follows:

The Newman-

Table 6
Cell Means for the First Eight Trials of
Stage II Manipulation Check

Trial
Group a

1

2

3

4

5

6

7

8

Rule Training
1

( 7)

14.9

7.4

15.1

7.4

13.0

7.1

14.0

13.6

2

(11)

13.2

12.7

9.7

16.4

9.5

17.7

14. 3

7.5

3

( 7)

21.1

22.3

12.0

15.1

12.0

17.1

15.7

10.7

4

( 6)

11. 3

26.2

23.2

24.2

19.7

16.5

22.3

24.8

5

( 6)

19.0

9.5

7.5

6.0

5.5

7.3

6.0

8.2

6

( 9)

15.1

19.1

15.1

8.0

17.6

11.8

7.8

6.4

7

( 6)

25.7

24.0

25. 3

10.3

33.5

37.0

9.3

16.2

8

( 2)

55.0

13.0

18.5

33.0

24.5

22.5

22.0

7.5

No Rule Training
1

( 2)

37.5

11.0

36.0

36.0

20.5

15.0

1.5

13.0

2

(11)

32.1

22.8

24.1

26.8

24.3

14.0

15.7

11.0

3

( 9)

29.6

26.8

18.3

16.0

25.6

20.8

14.7

16.8

4

( 4)

29.8

32.5

46.2

46.0

30.0

33.2

40.5

21.8

5

( 8)

24.8

42.9

33.4

45.2

22.0

28.4

16.1

17.1

6

( 6)

25.8

26.0

11.8

23.8

31.2

38.8

20.8

19.8

7

( 8)

41.8

38.1

35.8

40.4

34.2

37.0

32.9

21.6

8

( 3)

43.7

26.7

34.7

21.0

10.3

12. 3

20.0

11.0

£

Numbers in parentheses indicate the number of subjects
in each group.
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Table 7
Summary of Analysis of Variance for First Eight
Trials of Stage II Manipulation Check

Source

SS

df

MS

F

Between Subjects
Rule Training (R)

16,264.88

1

16,264.88

12.065

Group (G)

13,839.72

7

1,977.10

1.467

R x G

5,982.08

7

854.58

.634

Error

119,983.90

89

1,348.13

Trial (T)

9,319.24

7

1,331.32

R x T

2,408.96

7

344.14

1.358

G x T

16,080.90

49

328.18

1.295

R x G x T

11,957.20

49

244.02

.964

157,851.41

623

253.37

Within Subjects

Error
*

p < .001.

5.254'

28
26

22

20

•

Average

Error

(in

degrees)

24 1

18 ■■
16
14
12

10

Rule
Training

Fig. 5.

No Rule
Training

Average rod-setting error in the first eight

trials of Stage II for Rule Training and No Rule Training
subjects.
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Trial:

8

7
5
6
........

3

4

2

1
p c .01

Trend analyses on the Trial data indicated that only
a linear trend was significant
.001).

(F = 30.51, df = 1/623, £ <

Residual accountable variation failed to show any

other significant trend (F = 1.046, df = 6/623, p > .05).
Figure 6 shows the average error in rod-setting performance
for each of the first eight trials of Stage II.
All other effects in the Rule Training-by-Group-byTrial design failed to reach significance

(p > .05).

The

results of the analysis indicate that there was a facilita
ting effect due to rule training on Stage II learning.

The

effect was consistent across trials and groups as evidenced
by the failure to find any significant interactions.

The

linear decrease in errors across trials indicates adjustment
to the rotation.

Finally, Mechanical-Spatial and Verbal

abilities as defined by the hierarchical subgroups did not
account for differences in performance in the first eight
trials of Stage II.
A second analysis was also performed as a manipulation
check on the effect of rule training in Stage II.

The specific

purpose of this analysis was to examine the influence of rule
training on rod-setting accuracy at the end of Stage II.

In

order to evaluate the influence, a Rule Training-by-Group unweighted-means analysis of variance was carried out on the mean
rod-setting error across the last four trials of Stage II.
The Rule Training variable consisted of the presence or absence
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Trial Number
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of the rule supplied to the subject by the experimenter at
the outset of Stage II.

Levels of the Group variable con

sisted of the eight groups formed by the H-group clustering
analysis.

Table 8 presents the means for the Rule Training-

by-Group analysis.

The summary of the analysis of variance

for the data is presented in Table 9.
While a significant Group effect was found (F = 4.356,
df = 7/89, p < .001), neither a Rule Training effect nor an
interaction effect was found.

Figure 7 shows the mean error,

averaged across the last four trials of Stage II, for each
group.

Newman-Keuls tests on the significant Group effect

showed that

Groups 1, 2, and 5 averaged significantly smaller

errors than

Groups 3, 4, 7, and

8 (p's < .01).

Group 6,

while not differing significantly from Groups 1 and 2 (p's >
.05), averaged significantly greater errors than Group 5
(p < .01).

Groups 3, 4, 6, and

other (p's > .05),

8 did not differ from each

but averaged significantly smaller errors

than Group 7 (;p's < .01).

Thus Group 7 showed significantly

larger errors than any other Group

(p's < .01).

The Newman-

Keuls tests results may be summarized as follows.
Groups:

5

1

2

6

3

8

4

7
p < .01

It might be noted that the Spearman rank-order correlation
comparing the ranks of the Group's error with the ranks of
the Group's average Mechanical-Spatial score was -1.00
.001).

(p <

The correlation indicated that Groups comprised of

individuals with high Mechanical-Spatial ability committed
smaller errors at the end of Stage II than did Groups made

Table 8
Cell Means for the Last Four Trials of
Stage II Manipulation Check

Group
1
Rule Training
No
Rule Training

2

9.0a 10.1
12.9

9.6

3

4

5

6

8

7

11.5

18.1

6.4

11.7

11.5

12.6

16.8

10.1

8.4

13.2

28.8

16.0

aEach number represents the average error across the
last four trials for subjects in each group.

Table 9
Summary of Analysis of Variance for Last Four
Trials of Stage II Manipulation Check

Source

SS

df

MS

F

Between Subjects
Rule Training

(R)

Group (G)
R x G
Within Subjects
*

£ < .001.

18.37

1

18.37

2,923.93

7

417.70

293.99

7

42.00

8,534.40

89

95.89

.192
4.356*
.438
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30
28
26

22

20

■'

(in

degrees)

24

Average

Error

18 -■
16
14 ••
12

■>

10-

8

■ ’

6
1

Fig. 7.

2

5
6
3
4
Homogeneous Subgroup

7

8

Average rod-setting error in the last four

trials of Stage II for each homogeneous subgroup.
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up of individuals with low Mechanical-Spatial ability.
Thus, the Rule Training-by-Groups manipulation check
analysis showed that, regardless of the presence or absence
of rule training, the homogeneous subgroups differed in their
average error at the end of Stage II.
Transfer Effect Analyses
The major focus of the present study was to verify the
existence of two processes in adjustment to prismatic rota
tion.

By examining the influence of the rule training in

effect during Stage II on performance in Stage III, evidence
for the existence of two processes was sought.
effect analyses served this purpose.

The transfer

The basic analysis was

an unweighted-means analysis of variance which examined rodsetting errors in a 15° counterclockwise rotation which fol
lowed a 75° counterclockwise rotation.

The full design for

the analysis of the 15° counterclockwise data included four
variables.

One variable was a Rule Training variable, that

is, whether or not the subject received rule training during
Stage II.

A second variable was the homogeneous subgroup

variable which consisted of the eight groups formed by the
H-group clustering analysis.

The repeated measures Set

variable was defined as the first versus the third set in
Stage III.

Finally, the Degree of Perceived Similarity

variable consisted of the five levels representing degrees
away from a previously perceived stimulus position.

The

Degree of Perceived Similarity variable was also a repeated
measures variable.
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The major findings of the transfer effect analysis of
variance were that homogeneous subgroups differed in their
rod-setting accuracy during Stage III and that the Degree of
Perceived Similarity variable interacted with the Set vari
able.

The significant interaction necessitated qualifying

the significant Set and Degree of Perceived Similarity main
effects that were also found in the present analysis.

Table

10 presents a summary of the analysis of variance on the
Stage III data.
Stage II manipulation of Rule Training did not influ
ence Stage III performance, as evidenced by the failure to
find a Rule Training main effect or any significant interac
tions involving the Rule Training variable

(all p's > .05).

The Group variable influenced performance in Stage III
(F = 4.234, df = 7/89, p < .001).

Figure 8 shows the average

rod-setting error for each Group.

Newman-Keuls tests com

paring Groups on Stage III rod-setting error showed that Groups
4 and 8 had significantly larger errors than Groups 1, 3, and
5 (p's < .05).

All other comparisons indicated no other sig

nificant differences between Groups.

Results may be summarized

as follows.
Groups:
c

5

3

1

2

6

7

----------------------------------------------------------

8

4

p

„c
< .05

It might be noted that the Spearman rank-order correlation
comparing the ranks of the Group's error with the ranks of
the Group's mean Mechanical-Spatial score was -.786

(p < .05).

The correlation indicated that Groups comprised of individuals
with high Mechanical-Spatial ability tended to commit smaller
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Table 10
Summary of Analysis of Variance for
Transfer Effect Analysis

Source

SS

df

MS

F

Between Group
Rule Training (R)

1.00

1

1.00

.002

12,860.38

7

1,837.20

4.234

4,895.68

7

699.38

1.612

38,621.12

89

5,583.28

1

5,583.28

20.739

R x S

71.18

1

71.18

.264

G x S

2,041.18

7

291.60

1.083

R x G x S

1,962.23

7

280.32

1.041

23,960.07

89

269.21

5,251.36

4

1,312.84

11.167'

R x T

415.03

4

103.76

.883

G x T

2,784.77

28

99.46

.846

R x G x T

3,177.92

28

113.50

.965

41,853.28

356

117.56

Group (G)
R x G
Subjects within
Group error

433.945

tfithin Subjects
Set (S)

S x Subjects
within Group
Degree of
Perceived
Similarity
Trials (T)

T x Subjects
within Groups
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Table 10 - Continued

Source

SS

df

MS

F

2,795.30

4

698.82

5.489*

R x S x T

115.87

4

28.97

.228

G x S x T

3,727.54

28

133.13

1.046

R x G x S x T

4,597.07

28

164.18

1.290

45,327.75

356

127.32

S x T

S x T x Subjects
within Group

*p < .001

66

Homogeneous Subgroup

:

I

each homogeneous subgroup.
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errors in Stage III than did Groups made up of individuals
with low Mechanical-Spatial ability.
Further evidence of the Group influence on Stage III
performance was found when the correlations between the
Mechanical-Spatial scores and the rod-setting errors in
Stage III were examined.

There was a -.23 correlation between

the Mechanical-Spatial scores and the average errors in Set 1
of Stage III.

There was a -.45 correlation between the

Mechanical-Spatial scores and the average errors in Set 3
of Stage III.

The negative correlation indicated that indi

viduals with high Mechanical-Spatial scores averaged less
error than individuals with low Mechanical-Spatial scores.
Since the hierarchical groups were formed on the basis of the
subject's Mechanical-Spatial score, as well as his/her Verbal
score, both the Newman-Keuls tests on the Group data and the
correlations between Mechanical-Spatial scores and Stage III
accuracy suggest that subjects with higher Mechanical-Spatial
scores were more accurate on the rod-setting task.
As is evident in Table 10, there was a significant
Set-by-Degree of Perceived Similarity interaction
df = 4/356, p < .001).

(F = 5.489,

The magnitude of the rod-setting error

depended on the stimulus position and the set in Stage III in
which the error measurement was taken.

Figure 9 shows the

Set-by-Degree of Perceived Similarity interaction.

It should

be noted that the functions are plotted across trials and are
not plotted on the basis of increasing or decreasing perceived
similarity.
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Simple effect analyses were performed in order to com
pare rod-setting errors in Set 1 and Set 3 of Stage III at
each stimulus position.

These analyses showed that greater

rod-setting errors occurred in the first set of Stage III
than in the last set for stimulus positions that were 20°
(F = 50.366, df = 1/445, £ < .001), 40° (F = 30.175, df =
1/445, p < .001), and 0° (F = 6.888, df = 1/445, p < .01)
away from a previously perceived stimulus position.

These

three stimulus positions represent Trials 1, 2, and 3 respec
tively, of each set.

No significant differences were found

between Set 1 and Set 3 performance for stimulus positions
that were 30° or 10° (Trials 4 and 5 respectively, in each
set) away from a previously perceived stimulus position
(p's > .05).
Further simple effects analyses, comparing Degree of
Perceived Similarity positions at each level of the Set vari
able, found a significant difference between rod-setting
errors at different stimulus positions in the first set (F =
23.768, df = 4/712, £ < .001) but not in the third set (F =
.604, df = 4/712, £ > .05).

Newman-Keuls tests on the Set 1

data indicated that rod-settings at stimulus positions that
were 20° or 40° away from a previously perceived stimulus
position resulted in greater errors than rod-settings at per
ceived stimulus positions that were 0°, 30°, or 10° away from
a previously perceived stimulus position.
sons in the Set 1 data were significant.

No other compari
While the magnitude

of the error was not linearly related to the degree of per
ceived similarity, there was a perfect negative correlation
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between the rank order of the error magnitude and the Trial
number.

The results of the Newman-Keuls tests may be sum

marized as follows.
Trial:

5

4

3

2

1

10°

30°

0°

40°

20°

j? < •01
Perceived Similarity:

Trend analyses on the rod-setting errors across trials
for the Set 1, Stage III data were performed.
trend proved to be significant
.001).

Only the linear

(F = 87.76, df = 1/712, p <

Residual accountable variation failed to indicate

any other significant trends

(F = 2.33, df = 1/712, p > .05).

The significant linear trend showed that the amount of error
decreased linearly across Trials 1 to 5.
The only other significant effects in the Rule Trainingby-Group-by-Set-by-Degree of Perceived Similarity were the
Set main effect

(F = 20.739, elf = 1/89, p < .001) and the

Degree of Perceived Similarity main effect
4/356, p < .001).

(F = 11.167, cif =

Although qualified by the significant Set-

by-Degree of Perceived Similarity interaction, these main
effects indicated that Set 1 errors were greater than Set 3
errors and that the magnitude of the errors decreased across
trials.
Thus, the transfer effect analyses showed that per
formance in the second rotation stage was affected by the
individual's ability as measured in the individual difference
tests.

Groups with high Mechanical-Spatial scores tended to

be more accurate in Stage III than Groups with low MechanicalSpatial scores.

Finally, the Set-by-Degree of Perceived
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Similarity variables interacted in a manner indicative of
learning across trials rather than of automatic responding
to certain perceived similarity positions.
Exploratory Analyses
Three sets of exploratory analyses were done in an
attempt to answer a number of questions generated by the other
analyses.

The first was a set of correlational analyses

including simple, multiple and canonical correlations.

A

set of exploratory analyses of variance examined the effect
of all manipulated Stage II independent variables on Stage
III performance.

In contrast to previous analyses examining

the effect of treatment manipulation on later performance,
these analyses used the sex of the subject as an independent
variable rather than using the homogeneous subgroup from
which he/she came.

A final set of exploratory analyses com

pared subjects' verbal reports regarding the usefulness of
rule training.
Correlational Analyses.

Exploratory correlational

analyses were performed in order to examine relationships
between 13 variables.

The variables were the Mechanical-

Spatial score, the Verbal score, the four measures of eyehand coordination, the performance in the first eight trials
of Stage II, the performance in the last four trials of Stage
II, the number of Stage II trials, the number of different
Stage II positions, the sex of the subject, and the performance
in Set 1 and Set 3 of Stage III.

The correlational analyses

were run on data from all 105 subjects combined into one group,
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as well as on the data from subjects separated in terms of
Rule Training or No Rule Training experience.
Canonical correlations on the combined data using the
two factor scores, the four eye-hand coordination measures,
the four Stage II measures and the sex of the subject as
independent variables and the two measures of Stage III per
formance as dependent variables revealed one significant
canonical correlation

(R^ = .568, df = 22, p < .01).

Exam

ination of the canonical variable coefficients showed that
the Mechanical-Spatial score and Set 4 of the first stage
were the most important predictors of performance in the last
set of Stage III.

Table 11 shows the independent and depen

dent canonical variable coefficients for the significant
canonical correlation on the combined data.
Canonical correlations on the same independent and
dependent variables when using only data from Rule Trained
subjects revealed no significant canonical correlations
£'s > .10).

(all

However, examination of the canonical variable

coefficients of the first non-significant canonical correla
tion (Rc = .66, df = 22, p = .139) for these data suggested
that the Mechanical-Spatial score, the Verbal score, the
number of trials in Stage II and the subject's performance
in the last four trials of Stage II were the most important
predictors of performance in the last set of Stage III.
Table 12 shows the independent and dependent canonical vari
able coefficients for the first non-significant canonical
correlation for the Rule Training data.
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Table 11
Canonical Variable Coefficients
Combined Data

Variables

Coefficients.

Independent
MechanicalSpatial score

-.645

Verbal score

-.186

Set

1,Stage I

.172

Set

2,Stage I

.110

Set

3,Stage I

-.020

Set

4,Stage I

.428

First 8, Stage II

.200

Last 4, Stage II

-.071

Different Stage II
Positions

-.133

Stage II Trial Number

-.005

Sex

-.031

Dependent
Set 1, Stage III

.185

Set 3, Stage III

.915

Canonical Variable Coefficients
Rule Training Data

—

Variables

Coefficients

Independent

-.336

Set 1, Stage I

.147

Set 2, Stage I

.041

Set 3, Stage I

.150

Set 4, Stage I

.176

.

Verbal score

— — —

-.490

--

— — —

MechanicalSpatial score

First 8, Stage II
Last 4, Stage II

-.081
.540

Different Stage II
Positions

-.175

-

Stage II Trial Number

-.250

.......

Sex

-.144

Dependent
Set 1, Stage III

.041

Set 3, Stage III

.986
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Canonical correlations on the same variables for the
group that did not receive Rule Training showed one signifi
cant canonical correlation

(R = .729, df = 22, p = .01).
c
-**—

Examination of the canonical variable coefficients for this
significant canonical correlation showed that the MechanicalSpatial score, Set 4 of Stage I, the subject's performance
in the first eight trials of Stage II, and the subject's per
formance in the last four trials of Stage II were the most
important predictors

of performance in both the first

last sets of Stage III.

and

Table 13 shows the independent and

dependent canonical variable coefficients for the significant
canonical correlation for the No Rule Training data.
Multiple regressions using nine variables to predict
performance in either the first or the last set of Stage III
were computed.

The nine predictors were the two individual

difference scores, the four Stage I measures of eye-hand
coordination, the subject's performance on the first eight
trials of Stage II, the subject's performance on the last
four trials of Stage II, and the sex of the subject.

For

the combined Rule Training and No Rule Training data, the
multiple correlation

for prediction of performance in Set 1

of Stage III was not

significant (R

9/95, p > .05).

= .337, F = 1.356, df=

The multiple correlation coefficient for

Set 3, Stage III prediction was significant

(R = .557, F =

4.75, df = 9/95, £ < .001) for the combined Rule Training and
No Rule Training data.

Examination of the simple correlation

coefficients between each of the nine variables and performance

Table 13
Canonical Variable Coefficients
No Rule Training Data

Variables

Coefficients

Independent
MechanicalSpatial score

-.560

Verbal score

-.017

Set 1,

Stage I

.198

Set 2,

Stage I

.201

Set 3,

Stage I

-.035

Set 4,

Stage I

.332

First 8, Stage II

.382

Last 4, Stage II

-.574

Different Stage II
Positions

-.136

Stage II Trial Number

.040

Sex

.170

Dependent
Set 1,

Stage III

.459

Set 3,

Stage III

.710
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in the last set of Stage III found six predictors with sig
nificant correlations

(g's < .05), as shown in the inter

correlation matrix for the combined Rule Training and No
Rule Training data (Table 14).

However, only the Mechanical-

Spatial score (r = -.452, df = 103, p < .01) and performance
in the fourth set of Stage I (r = .375, df = 103, p < .01)
contributed significant unique accountable variation to the
prediction of performance in Set 3 of Stage III.

Using

these two variables as predictors of performance in Set 3
of Stage III resulted in a significant multiple correlation
coefficient (R = .5197, F = 18.865, df = 2/102, p < .001).
Multiple regression analyses were separately computed
for the Rule Training data and for the No Rule Training data.
As was found in the canonical correlations, the pattern of
predictors differed for the two groups of data.

As reflected

in the intercorrelation matrix for the Rule Training data
(Table 15), none of the nine predictor variables correlated
significantly with performance in Set 1 of Stage III.

How

ever, five predictor variables correlated significantly with
performance in Set 3 of Stage III.

The two predictor vari

ables correlating most highly with performance in Set 3 of
Stage III were performance in the last four trials of Stage
II (r = .533) and

the Mechanical-Spatial scores (r = -.484).

Of these two, the

measure of performance in the last four

trials of Stage II contributed uniquely and significantly to
the prediction of

performance in Set 3 of Stage III

.34, df = 51, p <

.05).

=

Using the .05 significance level as

Table 14
Intercorrelation Matrix for Combined Data

M-S score
V score
If 1
If 2
If 3
If 4
I, 8

1.000

V score

U)

M-S score

H

Variables
I, 1

I, 2

.026

-.119

-.112

-.326**

1.000

.095

-.026

.091

1.000

.360**
1.000

If

4

II, 8

-.285**

-.290**

-.002

-.051

.332**

.151

.256**

.159

.160

.116

1.000

.175

.306**

1.000

.215*
1.000

-j
00

Table 14 - Continued

Variables
II, 4

II Posi.

II Trials

Sex

III, 1

III, 3

-.456**

-.039

-.014

-.451**

-.234*

-.452**

V score

.001

-.028

.006

-.043

-.031

-.117

I, 1

.147

.078

.152

.214*

.052

.208*

I, 2

.151

-.093

.032

.204*

.128

.180

I, 3

.344**

.042

.256**

.135

.172

I, 4

.225*

.124

.224*

.375**

II, 8

.481**

.257**

.126

.270**

-.126

.178

.045

.251*

-.021

.009

-.077

-.043

1.000

-.005

.034

.012

1.000

.074

.241*

M-S score

H
H

1.000

II Posi.

.226*
-.015

-.070

.146

.084

.196*
1.000

II Trials
Sex
III, 1

1.000

III, 3

.034
1.000

Note: N = 105.

*p < .05

**£ < .01

Table 15
Intercorrelation Matrix for Rule Training Data

Variables

M-S score
V score
I, 1
I, 2
I, 3
I, 4
II, 8

I, 1

I, 2

-.037

-.015

1.000

.177

M-S score

V score

1.000

1.000

I, 3

If. 4

II, 8

-.189

-.446**

-.399**

-.488**

-.043

.110

.013

.014

.042

-.040

.139

.154

.188

.242

1.000

.173

.136

.401**
1.000

1.000

.341*
1.000

Table 15 - Continued

Variables
II, 4

II Posi.

II Trials

Sex

M-S score

-.492**

-.093

-.156

-.442**

V score

-.033

-.163

-.045

-.044

.011

-.167

1/ 1

.029

.101

.214

.172

-.087

.016

I, 2

.175

-.185

.128

.164

.030

.211

I, 3

.225

.108

.158

.139

.104

.269*

If 4

.404**

.076

-.069

.192

.120

.373**

II, 8

.657**

.198

,031

.416**

.073

.345*

.213

-.020

.12.1

.220

.533**

1.00Q

-.030

.000

.036

.048

1.000

-.009

.051

-.082

1.000

-.061

.136

1,000

.332*

1.000

II, 4
II Posi.
II Trials
Sex
III, 1
III, 3

III, 1

III, 3

-.219

-.484**

1.000
Note: N = 54.

*p < .05

**p < ,01
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a criterion, the Mechanical-Spatial score approached con
tributing significant unique accountable variation to per
formance in Set 3 of Stage III
.07).

= >26, df = 51, £ <

The use of these two variables in the prediction

schema resulted in a significant multiple correlation coef
ficient (R = .5906, F = 13.661, df = 2/51, p < .001).

No

other variables contributed unique significant variability
(all p's > .05) .
For the No Rule Training data, performance on the
first set of Stage III correlated significantly with perfor
mance on the second set of Stage

I

(r = .295, df = 49,

p <

.05) and with performance on the

fourth set of Stage I (r =

.345, df = 49, p < .02), as shown in the intercorrelation
matrix for the No Rule Training data

(Table 16).

However,

only the measure of performance in the fourth set of Stage I
contributed unique significant accountable variation to the
prediction of performance in Set

1of Stage III.

As can be seen in Table 16,

five predictor variables

correlated significantly with performance in Set 3 of Stage
III.

Of these five variables, however, only the Mechanical-

Spatial score and performance in the first set of Stage I
contributed significant unique accountable variation to the
prediction of Set 3, Stage III performance.

These two pre

dictor variables resulted in a significant multiple correla
tion coefficient (.R = .524, F = 9.095, df = 2/48, £ < .001).
No other predictor variables contributed unique significant
variability

(all p's > .05).

Table 16
Intercorrelation Matrix for No Rule Training Data

Variables

-.212

-.018

-.242

-.180

-.219

1.000

.030

-.029

.102

-.029

-.021

If 4

00

.076

If 3

H
H

H

If 2

V score

H

M-S score

1
1

M-S score
V score
I» 1
1/ 2
1, 3
If 4
II, 8

1.000

1.000

.339*
1.000

.528**

.332*

.340*

.212

.115

.150

1.000

.194

.346*

1.000

.234
1.000

Table 16 - Continued

Variables
II Trials

Sex

III, 1

III, 3

253

-.425**

II, 4

II Posi.

-.423**

.014

.129

-.459**

t .

V score

.045

.105

.057

-.037

-.080

I, 1

.239

.057

.093

.252

.202

.390**

I, 2

.151

.041

-.112

.282*

.295*

.136

I, 3

.414**

.325*

-.043

.348*

.171

.114

I, 4

.078

-.109

-.072

.058

.345*

.374**

.158

.133

.210

.201

.317*

.184

-.222

.228

-.131

.007

1.000

-.011

.020

-.127

-.139

1.000

-.021

.014

.110

1.000

.234

.348*

00

H
H

Kji

n

H
H

M-S score

.440**
1.000

II Posi.
II Trials
Sex
III, 1

1.000

III, 3

-.076

.437**
1.000

Note: N = 51.

*p < .05

**£ < .01
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In an attempt to find any existing patterns of signi
ficance, the simple correlations shown in Tables 14, 15, and
16, were carefully examined.

In examining the differences

between correlations in the combined Rule Training and No
Rule Training data, it was found that the correlation between
the Mechanical-Spatial scores and performance in the last
four trials of Stage II differed significantly from the cor
relation between sex of the subject and performance in the
last four trials of Stage II (t = 3.012, df = 102, £ < .01).
A significant difference was also found when comparing the
correlation between the Mechanical-Spatial scores and per
formance in Set 3 of Stage III and the correlation between
sex of the subject and performance in Set 3 of Stage III
(t = 2.282, df = 102, p < .05).

The direction of the differ

ences indicated that the Mechanical-Spatial scores were
better predictors of performance in the end of Stage II or
Stage III than was the sex of the subject.
The subject's Mechanical-Spatial score was a better
predictor of performance in the end of Stage II or Stage III
than in the beginning of Stage II or Stage III.

This was

evidenced in Stage II by the correlation between MechanicalSpatial scores and performance in the last four trials of
Stage II being significantly greater than the correlation
between Mechanical-Spatial scores and performance in the
first eight trials of Stage II (t = 1.854, df = 102, p < .05).
A similar difference was seen in Stage III where the correla
tion between Mechanical-Spatial scores and performance in
Set 3 of Stage III was significantly greater than the
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correlation between Mechanical-Spatial scores and performance
in Set 1 of Stage III

(t = 2.222, df = 102, £ < .05).

When

the combined Rule Training and No Rule Training data were
broken down into the Rule Training data and the No Rule Train
ing data, it was found that the correlation between Mechan
ical-Spatial scores and performance in the third set of Stage
III was significantly greater than the correlation between
Mechanical-Spatial scores and performance in the first set
of Stage III for the Rule Training data (t = 1.870, df = 51,
£ < .05).

The difference in the correlation between Mechan

ical-Spatial scores and performance in the beginning and in
the end of Stage II failed to reach significance for the
Rule Training data (£ > .05).

For the No Rule Training data,

no significant differences were found in the correlations
between Mechanical-Spatial scores and performance in the
beginning and in the end of either Stage II or Stage III
(both £'s > .05).
In comparing the correlations for the Rule Training
data with the correlations for the No Rule Training data, it
was found that the correlation between performance in the
first set of Stage I and performance in Set 3 of Stage III
was significantly greater for the No Rule Training data than
for the Rule Training data

(t = 2.00, df = 99, £ < .05).

The significant difference indicated that knowledge of a
subject's eye-hand coordination for the rod-setting task was
a better predictor of performance in the end of Stage III
if the subject did not receive Rule Training.
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Finally, the correlation between performance in the
last four trials of Stage II and performance in the third
set of Stage III was significantly greater for Rule Trained
subjects than for subjects who did not receive Rule Train
ing (t = 3.38, df = 99, p < .01).

The significant differ

ence indicated that performance at the end of Stage II was
a significant predictor of performance in the end of Stage
III only if the subject received Rule Training.
Analysis of Variance.

A second set of exploratory

analyses was performed in order to examine whether the as
sumption of a linear increase in automatic responding due
to the number of trials was justified.

Of the 105 subjects

completing the experiment, 96 served as subjects for these
analyses.

The other nine subjects were randomly deleted

from each of nine conditions to permit an equal N design for
this exploration.
influence of the

By means of an analysis

of variance, the

number of different Stage

II positions, in

combination with the number of Stage II trials, on rod-set
ting performance in Stage III was assessed.
included five independent variables.

The full design

One variable was a

Rule Training variable, that is, the presence or absence of
Rule Training in

Stage II.

of the subject.

Number of Different Stage

(either two or four)

A second variable was the sex

served as a third variable.

variable was the Number of Stage II Trials
32 trials).

II Positions
The fourth

(either 8, 16, or

Finally, the fifth variable was the specific

trial out of the 18 Stage III trials in which rod-setting
accuracy, the dependent variable, was being measured.

The
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fifth variable was a repeated measures variable.

Table 17

shows the summary of the five factor analysis of variance.
The major finding of these analyses was that the
assumption of a linear increase in automatic responding
was unjustified, as evidenced by the significant Number of
Stage II Positions-by-Number

of Stage II Trials interaction

(F = 4.017, df = 2/72, p < .05).

Because the three factor

interaction involving Rule Training, Number of Stage II
Positions, and Number of Stage II Trials was significant
at the .10 level

(F = 2.583, df = 2/72, p < .10), simple

effect analyses were carried out on this three factor inter
action.

One set of simple effect analyses compared the ef

fect of Rule Training on Stage III performance at each
level of the Number of Different Stage II Positions-byNumber of Stage II Trials interaction.

These comparisons

showed that Rule Trained subjects who received 32 trials
from two different Stage II positions were significantly
more accurate in Stage III than were subjects without Rule
Training who received 32 trials from two different Stage II
positions

(F = 6.115, df = 1/72, £ < .05).

No other com

parisons in this simple effect analysis were significant
(all £ 1s > .05).
Another set of simple effect analyses on the Rule
Training-by-Number of Different Stage II Positions-by-Number
of Stage II Trials interaction compared the effect of the
Number of Stage II Trials on Stage III performance at each
level of the Rule Training-by-Number of Different Stage II
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Table 17
Summary of Analysis of Variance for
Exploratory Analysis

Source

SS

df

MS

F

Between Subjects
Rule Training (R)

330.75

1

330.75

3,686.68

1

3,686.68

609.19

1

609.19

.928

3,060.38

2

1,530.19

2.332

R x S

827.79

1

827.79

1.261

R x ND

875.52

1

875.52

1.334

R x NT

1,113.43

2

556.72

.848

S x ND

119.28

1

119.28

.182

S x NT

387.28

2

193.64

.295

5,271.50

2

2,635.75

R x S x ND

454.27

1

454.27

.692

R x S x NT

368.89

2

184.45

.281

R x ND x NT

3,389.76

2

1,694.88

S X ND x NT

977.01

2

488.51

.744

R X S X ND x NT

286.08

2

143.04

.218

Subjects within
Groups error

47,242.22

72

656.14

Sex (S)
Number of Dif
ferent Stage II
Positions (ND)
Number of Stage
II Trials (NT)

ND x NT

.50
5.619*

4.017**

2.583*
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Table 17 - Continued

ss

Source

df.

MS

F

Within Subjects
Stage III Trial
(T)

81,678.52

17

4,804.62

R X T

1,875.28

17

110.31

.924

S x T

3,017.64

17

177.51

1.487*

ND x T

1,515.92

17

89.17

.747

NT x T

2,553.96

34

75.12

.629

R x S x T

2,073.84

17

121.99

1.022

R X ND x T

2,317.57

17

136.33

1.142

R x NT x T

4,327.23

34

127.27

1.066

S x ND x T

2,644.52

17

156.74

1.313

S x NT x T

3,270.59

34

96.19

.806

ND x NT x T

3,594.08

34

105.71

.886

R x S x ND x T

2,262.32

17

133.08

1.115

R x S x NT x T

7,000.16

34

205.89

1.725***

R x ND x NT x T

8,054.33

34

236.89

1.985***

S x ND x NT x T

4,064.62

34

119.55

1.002

R x S x ND x
NT x T

4,252.03

34

125.06

1.048

146,067.28

1224

119.34

T x Subjects
within
Group error

o

r— 1
•

Q*\

V

*

**£ < .05

***p

<

.01

40.260****

****p < .001
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Positions interaction.

The results showed that significant

variability existed in Stage III performance among the Number
of Stage II Trials conditions for Rule Trained subjects who
received two different Stage II stimulus positions
5.26, df = 2/72, p < .05).

(F =

Newman-Keuls tests on this sig

nificant simple effect showed that Stage III performance
was significantly poorer

(p < .01) for subjects in the 16

Stage II trial condition than for subjects in the 32 Stage
II trial condition.
differences

No other comparisons showed significant

(all p's > .05).

Newman-Keuls results for this

simple effect may be summarized as follows.
Number of Trials:

32
8
--------

16

p

^
.01

Figure 10 shows the errors in Stage III for each Rule Training-by-Number of Different Stage II Positions-by-Number of
Stage II Trials combination.
The analysis of variance on the full design also indi
cated that males were more accurate than females in Stage
III rod-setting

(F = 5.619, df = 1/72, p < .05).

there was a significant Stage III Trial effect
df = 17/1224, p < .001).

Furthermore,

(F = 40.26,

When the three catch trials

(Trials

1, 7, and 13) were removed from the analysis, the variation
between trials decreased by 76%.

However, the Stage III

Trial effect remained significant (F = 11.57, df = 14/1224,
p < .001).

Newman-Keuls tests on the Stage III Trial data,

with the catch trials removed, indicated that the first and
the second test trials had significantly greater error than
all other trials

(p < .01).

The first and the second test

No Rule Training

Rule Training
26

26

3 22

20

% 20

<u
n
tn

2 Different
Positions

18
Error

24

22

(in

degrees)

24 ...

Average

2 Different
Positions

4 Different
Positions

C
•H
~ 18
S-l

o

4 Different
Positions

u

16

M 16
0)
tjl

14

u

Q)

14

>

12

12

■■

10

10
8

16
Number of Trials

Fig. 10.

Average Stage III rod-

32

8

16
Number of Trials

error for each Rule Training-by-Number

of Different Stage II Positions-by-Number of Stage II Trials combination.

32
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trials differed from each other at the .05 level of signifi
cance.

No other comparisons showed significant differences

(all £'s > .05) .
Trend analyses on the Stage III Trials effect

(not

including the catch trials) showed three significant trends.
A significant linear trend (F = 81.944, df = 1/1224, £ <
.001) accounted for 50.6% of the accountable variation.

A

significant quadratic trend (F = 46.658, df = 1/1224, p <
.001) accounted for 28.8% of the accountable variation.

A

significant cubic trend (F = 27.235, df = 1/1224, £ < .001)
accounted for 16.8% of the accountable variation.

The resid

ual 3.8% accountable variation failed to indicate any other
significant trends

(F = .558, df = 11/1224, £ > .10).

Figure 11 shows the mean error on each test trial of Stage
III.

The three catch trials are not included in the figure.
The only other significant effects in the complete

design were the Rule Training-by-Sex-by-Number of Stage II
Trials-by-Stage III Trial interaction (F = 1.73, df = 34/
1224, £ < .01) and the Rule Training-by-Number of Different
Stage II Positions-by-Number of Stage II Trials-by Stage III
interaction (F = 1.99, df = 34/1224, £ < .01).

Since each

of these accounted for less than 6% of the within-subject
accountable variation and appeared to be due primarily to
subject differences on the initial catch trial, these inter
actions were not considered further.
Chi Square Analysis.

The final set of exploratory

analyses examined the effect of Rule Training and Number of
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Fig. 11.

Average error on each Stage III test trial.
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Stage II Trials on subjects' post-experimental verbal re
ports regarding the usefulness of the rule given by the
experimenter.

At the conclusion of the experiment, Rule

Trained subjects were asked if the rule supplied by the ex
perimenter was helpful.

At the conclusion of the experiment

and after being informed of the rule given to Rule Trained
subjects, No Rule Training subjects were asked if the rule
would have been helpful had it been supplied by the experi
menter during Stage II.

The number of "Yes" and "No"

responses for the Rule Training versus No Rule Training
subjects who experienced 8, 16, or 32 trials during Stage II
were examined using a test of Independence of Variables chi
square analysis.

Table 18 shows the number of "Yes" and

"No" responses for each Rule Training-by-Number of Stage II
Trials combination.
The major finding of the chi square analysis was that
Rule Trained subjects differed from No Rule Training sub
jects regarding the proportion of "Yes" responses when the
number of Stage II trials was either 8 or 32.

When the num

ber of Stage II trials was 16, Rule Training and No Rule
Training subjects did not differ in their subjective evalua
tion of the usefulness of the rule.
2

The overall chi square was significant

(X

= 26.70,

df = 5, p < .001), indicating that the number of "Yes"-"No"
responses depended on the specific Rule Training-by-Number
of Stage II Trial combination.

Further chi square analyses

comparing Rule Trained subjects' responses and No Rule
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Table 18
"Yes"-"No" Responses on Rule Question
for Different Groups

Group

"Yes"

"No"

Rule Training
8 Trials

15

3

16 Trials

18

1

32 Trials

14

3

8 Trials

7

10

16 Trials

14

4

32 Trials

5

11

No Rule Training
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Training subjects' responses found a significant difference
in the proportion of positive responses
1, p < .001).

(x2 = 14.446, df =

The difference was the result of significant

differences in the proportion of positive responses for
Rule Trained subjects who experienced 32 trials
df = 1, p < .01) or 8 trials

( x

( x

2 = 6.837,

2 = 4.973, df = 1, £ < .05).

In both cases, significantly more Rule Trained subjects
than No Rule Training subjects indicated that the rule was
helpful.

When Stage II involved 16 trials, Rule Training

and No Rule Training subjects did not differ in terms of the
proportion of subjects who felt the rule was or would have
been helpful

(X2 = 1.060, df = 1, p > .05).

Chi square analyses also found that the proportion of
Rule Trained subjects who said the rule was helpful was the
same, regardless of whether the subject received 8, 16, or
32 Stage II trials

(x2 = 1.405, df = 2, p > .05).

However,

for subjects who did not receive Rule Training, the propor
tion of subjects who indicated that the rule would have been
helpful depended on the Number of Stage II Trials
8.327, df = 2, p < .05).

(X2 =

Specifically, the significant chi

square for the No Rule Training data resulted from the 16
trial condition since removal of this condition from the an
alysis led to a non-significant chi square (x2 = .383, df =
1, p > .10).

Relatedly, the proportion of positive responses

in the No Rule Training, 16 Trial condition was similar to
the proportion of positive responses in the 8, 16, or 32
Trial condition for the Rule Training data (all £'s > .10).

IV. DISCUSSION
The results of the present study failed to support
the four hypotheses developed from the two-process model
of prismatic adjustment.

The Rule Trained subjects did not

show consistently greater errors in Stage III than subjects
who did not receive Rule Training.

Furthermore, Rule

Training was not found to interact with the individual's
mechanical, spatial, and verbal abilities in determining
performance on the rod-setting task in Stage III.

A linear

increase in Stage III errors due to the length and simil
arity of Stage II exposures was not found.

Finally, the

degree to which a perceived Stage III stimulus position was
similar to a previously perceived Stage II stimulus posi
tion did not affect rod-setting errors in Stage III.
However, the results of the present study led to two
conclusions.

The conclusions were as follows.

(1) Mechanical-spatial ability appeared to be an
important variable in adjustment to prismatic rotation as
measured by the rod-setting task in the present study.
Individuals who are more adept at mechanical and spatial
tasks showed smaller errors in adjusting to the visual
change.
(2) Adjustment to prismatic rotation exhibited learn
ing across trials with a linear decrease in errors at the
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beginning of exposure.

The decrease in the magnitude of

the errors leveled off and remained relatively constant at
a non-zero value.
Influence of Individual Differences
on Adjustment Performance
The results showed the influence of mechanical-spatial
ability on adjustment to prismatic rotation.

The results

also suggested that the mechanical-spatial ability of the
subject, rather than the sex of the subject, was a better
predictor of adjustment performance.

Since research has

found that individual differences in spatial visualization
are correlated with the sex of the individual

(e.g., Fair-

weather, 1976; Sherman, 1974), the results of the present
study provided further support for the relationship between
spatial visualization ability and the sex of the individual.
In the present study, the influence of individual
differences on adjustment performance was evidenced by the
significant relationship between rod-setting performance
and the individual's mechanical and spatial aptitude.

Per

formance at the end of Stage II and performance in Stage
III were significantly better for individuals who were more
adept at Mechanical Reasoning and Space Relations tasks.
It might be noted that, in the present study, the difference
between males and females on these two scales of the Dif
ferential Aptitude Test was comparable to the difference
between males and females found nationally (Bennett, Sea
shore, and Wesman, 1974) on the two scales.

Both in the
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normative test data from high school juniors and seniors
and in the test data from the present study, the mean score
of males exceeded the mean score of females by approximately
nine points on the Mechanical Reasoning scale and five
points on the Space Relations scale.
The similarity in the significant sex difference on
the test scales found in the present study and the sex dif
ference found in the normative test data on these scales
suggested not only that the administration of the scales in
the present study revealed reliable differences, but also
that the test scales differentiated individuals along sex
lines as intended.

In fact, differences in the Mechanical-

Spatial scores as derived from the Mechanical Reasoning and
Space Relations test scores better defined rod-setting per
formance differences than did the sex of the subject.

Evi

dence of the superiority of the Mechanical-Spatial score
in differentiating individuals' rod-setting performance was
seen in the pattern of correlations.

The correlations be

tween Mechanical-Spatial scores and performance at the end
of both Stage II and Stage III were significantly larger
than the correlations between the sex of the subject and
performance at the end of both Stage II and Stage III.
The influence of mechanical-spatial ability on per
formance was confined primarily to the end of each stage.
Presumably, this was the result of all subjects, regardless
of their mechanical-spatial ability, needing some exposure
to the altered environment before adjustment could take

101

place.

In other words, initially, errors were necessarily

large for all subjects.

Evidence of the delayed influence

of mechanical-spatial ability was seen when examining the
effect of Rule Training and homogeneous Group on Stage II
rod-setting performance.

In the first eight trials of

Stage II, the individual's Group did not have an effect on
performance.

However, the individual's Group did influence

performance in the last four trials of Stage II, with the
Groups made up of more mechanically and spatially adept
individuals performing better.

Also, when examining the

combined Rule Training and No Rule Training data, there
was a significantly smaller correlation between MechanicalSpatial scores and performance in the first eight trials of
Stage II than there was between Mechanical-Spatial scores
and performance in the last four trials of Stage II.
Evidence for the delayed influence of mechanicalspatial ability was also seen in Stage III performance.
For the combined Rule Training and No Rule Training data,
there was a significantly smaller correlation between Mech
anical-Spatial scores and performance in the first set of
Stage III than there was between Mechanical-Spatial scores
and performance in the final set of Stage III.

This find

ing indicated that an individual's performance at the begin
ning of Stage III could not be predicted as well as his/her
final performance by knowing his/her Mechanical-Spatial
score.
Contrary to the delayed influence of mechanical-spatial
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ability seen in the correlations with Stage III performance,
a Group effect was found both at the beginning and the end
of Stage III.

The effect was evidenced by the failure to

find a significant Group-by-Set interaction in the Stage III
data.

The failure to find this interaction, which, had it

been found, would have indicated that the mechanical-spatial
ability influenced one set more than the other, appeared
to be the result of large subject within group error.

A-

nother factor contributing to the lack of a significant
interaction was that there was less room for variation in
errors in a 15° rotation than in a 75° rotation.
Verbal reasoning ability was not found to differen
tiate male and female performance on the rod-setting task.
This failure to differentiate was evidenced by the lack of
significant correlations between the sex of the subject
and performance in any of the experimental stages.
Finally, individual differences in certain eye-hand
coordination tasks also influenced adjustment performance.
Specifically, as seen by the results of canonical and mul
tiple correlation analyses on the combined Rule Training and
No Rule Training data, individuals who exhibited eye-hand
coordination accuracy under the condition of estimating
perpendicularity of the stimulus after the disappearance of
the stimulus also exhibited accuracy in rod-setting perfor
mance at the end of Stage III.
Thus, a "task-first" approach to individual differ
ences (Rhett, 1972) proved useful in the present study.

By
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considering the various aspects of a rod-setting task under
a prismatic change, it was determined that mechanical and
spatial abilities were important factors in the task.

In

the present study, the Mechanical-Spatial score was found
to be one of the most important predictors of rod-setting
performance.

Furthermore, individual difference measures

of eye-hand coordination that were related to the task in
the present study were found to correlate with adjustment
performance in certain phases of adjustment.
confirms Warren and Platt's
and Halay's

This finding

(1975) and Melamed, Beckett,

(1977) conclusions that such individual differ

ence measures of eye-hand coordination must be considered
when examining prismatic adaptation.
It was also thought that verbal reasoning ability
would be an important factor in the present study, especi.ally-for -the Rule Trained subjects.

However, verbal rea

soning, as measured by the Verbal Reasoning scale of the
Differential Aptitude Test, was not found to influence
rod-setting performance nor to interact with treatments
such as Rule Training.

It was concluded that the Verbal

Reasoning scale used here was not the most appropriate
individual difference measure for differentiating Rule
Trained subjects on the present task.

A measure of hypo

thesis generation ability and cognitive flexibility, such
as the Watson-Glaser Critical Thinking Appraisal

(1964),

might have been a more appropriate individual difference
measure.

More research is needed to better determine what
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other measures of conceptual abilities would be more useful
in similar lines of investigation.
The Effect of the Degree of Perceived Similarity
on Adjustment Performance
No evidence was found to support the hypothesis that
the degree of perceived similarity to a previously perceived
stimulus position influenced performance.

Rather, as with

performance in the beginning of Stage II, performance in
Stage III exhibited a trial effect indicative of learning
across trials.

Stage III errors were greatest in the first

few trials of the stage but rapidly decreased, so that by
the end of the first set of Stage III performance was very
similar to performance in the third set of Stage III.

The

learning curve showed a linear decrease in errors across
trials for Set 1 of Stage III as did the learning curve for
the first eight trials of Stage II (see Figures 6 and 11).
Whatever transfer effect did occur, as suggested by
the pattern of correlations, was very small in magnitude.
The size of the transfer effect may account for why learn
ing across trials overshadowed any transitory effect due to
the perceived similarity of the Stage III stimulus position
to a previously perceived Stage II stimulus position.
Careful examination of the Set 1 and Set 2 data from Stage
III showed some evidence of the predicted effect.

If the

first two test trials were eliminated, stimulus positions
closest to previously perceived Stage II positions

(see

Figure 11, Trials 4, 6, 8, and 10) showed the greatest
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amount of error, while those Stage III stimulus positions
furthest away from the previously perceived Stage II posi
tions (see Figure 11, Trials 5, 9, and 11) showed the least
amount of error.

Apparently, by Set 3 of Stage III the

transitory transfer effect had worn off.
must be given.

A word of caution

The magnitude of the effect was very small

and any conclusions must be approached with skepticism at
this point.
Evidence for Two Processes in Adjustment
to Prismatic Change
The pattern of significant and non-significant re
sults led to the generation of a number of post hoc hypo
theses concerning the nature of the two-process model of
prismatic adjustment.

Although the results failed to sup

port the two-process model as originally hypothesized, the
results suggested modifications in the two-process model.
Modification of the model came in terms of the influence of
various variables on the rule-learning process and the per
ceptual motor process.

More specifically, the following

hypotheses were generated.
(1) Provision of a rule and constant reminder of the
rule during adjustment may act to maintain the rule-learn
ing process and may interfere with the development of auto
matic responding.
(2) The number of exposures to any one stimulus posi
tion may determine whether automatic responding will develop
or not.

Furthermore, attempts to refine the procedure used
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in adjusting may act to reinstate the cognitive rule-learn
ing process.
In the present study, evidence for
model of adjustment came from two sources.

a two-process
One source was

based on the pattern of results involving the effect of
Rule Training on Stage II and Stage III adjustment perfor
mance.

While Rule Training was hypothesized to promote the

development of automatic responding, the pattern of results
in the present study suggested that Rule Training acted to
maintain the cognitive rule-learning process.

The pattern

of results also suggested that the presence of a rule in
the first rotation caused some degree of positive transfer
to the second rotation.

The other source of evidence was

the apparent effect of the number of exposures to each stimu
lus position during Stage II.

The results suggested that

there may be a non-linear relationship between the total
number of trials from each position and the development of
automatic responding.
Rule Training Effect.

In order to understand the

manner in which the pattern of results supported the modi
fied two-process interpretation of adjustment, it was neces
sary to examine the influence of Rule Training on both Stage
II and Stage III performance.

Rule Training significantly

facilitated the learning of the rotation to which the rule
applied.

Apparently, providing a rule eliminated trial-

and-error rule searching behavior which, in turn, influenced
certain individuals' rod-setting errors.

With the

elimination of trial-and-error rule searching, an individu
al's mechanical-spatial ability was a better predictor of
performance in the first eight trials of Stage II.

Another

way of expressing the effect of Rule Training on Stage II
performance was that, if the individual had the ability,
providing a rule allowed the individual to show his/her
ability sooner.

This effect was seen in that the absolute

difference in the correlation between Mechanical-Spatial
scores and performance at the beginning of Stage II for
Rule Trained versus No Rule Training subjects was in a di
rection indicating facilitation for Rule Trained subjects.
Further support for the conclusion that Rule Trained
subjects realized potential sooner was found by comparing
the correlations between Mechanical-Spatial scores and per
formance at the beginning versus the end of each rotation
stage, first for the Rule Trained subjects and then for the
No Rule Training subjects.

For the Rule Trained subjects,

the correlation between Mechanical-Spatial scores and per
formance in the first eight trials of Stage II was virtually
identical to the correlation between Mechanical-Spatial
scores and performance in the last four trials of Stage II
(-.488 and -.492, respectively).

However, the correlation

between Mechanical-Spatial scores and performance in Set 1
of Stage III for Rule Trained subjects was significantly
smaller than the correlation between Mechanical-Spatial
scores and performance in Set 3 of Stage III for the same
subjects

(-.219 and -.484, respectively).
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For subjects who did not receive Rule Training, the
correlations between Mechanical-Spatial scores and perfor
mance in the beginning of either Stage II or Stage III and
the correlations between Mechanical-Spatial scores and per
formance at the end of either Stage II or Stage III changed
from approximately -.23 to approximately -.424 in both
cases.

Though non-significant, the change in the size of

the correlation from the beginning to the end of both
Stages II and III for the No Rule Training subjects sug
gested that both stages involved a differential learning
process for different subjects.

In contrast, for Rule

Trained subjects, only Stage III showed evidence of a dif
ferential learning process for different individuals.

At

the beginning of Stage II, Rule Trained subjects were per
forming approximately as well as they would at the end of
that Stage.

In short, Rule Training allowed individuals to

realize potential sooner in Stage II. .
While the Mechanical-Spatial score became a better
predictor of performance for Rule Trained subjects, certain
eye-hand coordination measures were better predictors of
performance for No Rule Training subjects.

For example, in

comparing Rule Trained and No Rule Training subjects, the
absolute difference in the correlations between measures of
eye-hand coordination taken during stimulus presentation
(Set 1 and Set 3 of Stage I) and performance in the beginning
and the end of Stage II were in a direction which indicated
that the influence of individual differences between subjects
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was decreased by Rule Training.

This finding was inter

preted as evidence of an equalizing influence of Rule Train
ing for, apparently, some individuals who normally do poorly
in eye-hand coordination tasks were assisted in Stage II
by the presence of a rule.
Rule Training also affected Stage III performance
as evidenced by the pattern of canonical correlation results.
The effect was again one of eliminating the distinctions
between subjects.

No significant canonical correlations

were found for Rule Trained subjects.

This suggested that

performance on individual difference tests and performance
in Stages I and II were inaccurate predictors of perfor
mance at the beginning or end of

Stage III.

In other words,

subject differences were less distinct for Rule Trained sub
jects.

On the other hand, the significant canonical cor

relation for the data of subjects who did not receive Rule
Training suggested that prediction of Stage III performance
was accurate using the Mechanical-Spatial score, performance
in the first, the second and the

fourth sets of Stage I,

and performance in the beginning

and the end of Stage II

as the principal predictors.
Thus, the results suggested that the presence of a
rule in the first rotation stage leads to some degree of
positive transfer.

It has been found in problem-solving

research that positive transfer occurs when the initial task
and the transfer task involve the use of similar strategies
(Wittrock, 1963).

Furthermore, didactic training has been
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found to facilitate positive transfer in cases where similar
strategies are needed in both problem-solving tasks
Hubbell, Ross, and Thompson, 1976).

(Ross,

In the present study,

the positive transfer may have resulted from providing a
strategy to use in the transfer task.

The transfer effect

may also have resulted from eliminating or delaying the
development of automatic responding due to the repetition
of the rule during Stage II.

Therefore, when the transfer

task began in the present study, the Rule Trained subjects
not only may have had a way to approach the solution of
the rotation problem, but also they might have been able
to make adjustments without the interfering effects of auto
matic responding.
Evidence for the modified interpretation of the twoprocess adjustment model in which Rule Training facilitates
later performance was seen in the pattern of correlations.
There was a significantly larger correlation between per
formance in the first set of Stage I and performance in Set
3 of Stage III for the No Rule Training subjects than for
the Rule Trained subjects.

This difference would suggest

that the equalizing effect of Rule Training seen in Stage II
also affected Stage III performance, possibly by providing
a strategy to use in Stage III.

Comparison of Rule Trained

subjects and No Rule Training subjects on the correlations
between performance in the first set of Stage I and perfor
mance in Set 1 of Stage III, between performance in the
second set of Stage I and performance in Set 1 of Stage III,
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and between performance in the fourth set of Stage I and
performance in Set 1 of Stage III all found absolute dif
ferences in the size of the correlations which suggested
that Rule Training had an equalizing effect on subjects'
Stage III performance.

This conclusion, in conjunction with

the finding that, in general, individuals with greater
mechanical-spatial ability exhibited smaller errors in
Stage III, suggested that Rule Training provided some of the
less capable subjects with a strategy that facilitated their
performance in both Stage II and Stage III.
Further indication that Stage II Rule Training pro
vided a strategy to use in Stage III was seen in the direc
tion of the correlation between performance at the end of
Stage II and performance at the beginning of Stage III.
For Rule Trained subjects, there was the indication of a
direct relationship between the two variables while for the
No Rule Training subjects, there was the indication of an
inverse relationship between the two variables.

Although

the individual correlations in this case only approached
significance at the .10 level and the difference between
the Rule Trained subjects' and the No Rule Training subjects'
correlations for these variables only approached signifi
cance at the .05 level, the directions seemed important.
Individuals who succeeded in Stage II without the benefit
of the rule had a tendency to do poorly at the beginning of
Stage III.

On the other hand, Rule Trained individuals who

succeeded in Stage II tended to do well at the beginning of
of Stage III.

These conclusions suggested that Rule
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Training may have delayed or eliminated automatic respond
ing by providing a strategy in Stage II that could be
dropped or changed at the outset of Stage III.

Absence

of Rule Training may have allowed individuals with high
mechanical-spatial abilities to develop automatic respond
ing in Stage II thus interfering with performance at the
beginning of Stage III.

Furthermore, since mechanical-

spatial ability was significantly correlated with the sex
of the subject, this conclusion supported Tirrell's previous
finding (1977) that in cases where an interference effect
occurred, it was the males who showed the effect.
Perhaps as a result of the elimination of interfer
ence effects by Rule Training, performance in the beginning
of Stage III was less predictable for Rule Trained subjects
than for No Rule Training subjects in the present study.
For Rule Trained subjects, none of the predictors were ef
fective in predicting performance in Set 1 of Stage III.
However, for No Rule Training subjects, multiple regression
analyses showed that performance in Set 2 and Set 4 of Stage
I were significant predictors of performance at the begin
ning of Stage III.

The positive correlations between Stage

I performance and Stage III performance also suggested that
whatever interference effects occurred were not detrimental
enough to overcome the effect of eye-hand coordination abil
ity on rod-setting performance.
Despite the fact that performance at the end of
Stage III was found to be significantly better than performance
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at the beginning of Stage III, there was some indication of
residual interference effects in certain No Rule Training
subjects at the end of Stage III.

For example, No Rule

Training subjects' performance at the end of Stage III was
not at all correlated with their performance at the end of
Stage II.

This lack of correlation was in sharp contrast

to the significant correlation found between performance
in the end of Stage II and performance in the end of Stage
III for the Rule Trained subjects.

One way to interpret

the significant difference between these correlations for
Rule Trained and for No Rule Training subjects would be
that, for No Rule Training subjects, interference effects
were overcome at differential rates.

At the end of Stage

III, some normally capable individuals may be continuing to
do poorly because of the lingering interference effect,
while some other normally capable individuals may have over
come the interference effects and were doing well.

Under

these conditions, no correlation between performance at the
end of Stage II and performance at the end of Stage III
would be found, as was the case.

On the other hand, the

large correlation found between performance at the end of
Stage II and performance at the end of Stage III for the
Rule Trained subjects was interpreted in terms of a learningto-learn hypothesis.

Rule Trained individuals who bene

fited from the Stage II rule may have made use of a similar
strategy to become accurate by the end of Stage III.
Trained subjects who showed large errors at the end of

Rule
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Stage II would be likely to show large errors under any
conditions.

Therefore, a large correlation between perfor

mance at the end of Stage II and performance at the end of
Stage III would be expected according to this interpretation,
and was, in fact, found.
Although an interference effect seemed to continue
throughout Stage III for some subjects who did not receive
Rule Training, mechanical-spatial ability and certain eyehand coordination measures were still significant predictors
of Set 3, Stage III performance.

This suggested that the

persistent interference effect was not very strong, which
may account for the failure to find Rule Training interact
ing significantly with the homogeneous subgroups derived
from the Mechanical-Spatial and Verbal scores.
In summary, Rule Training apparently acted to equal
ize subjects in terms of their rod-setting performance,
first by eliminating errors resulting from rule searching
behavior and then by providing a similar strategy to be used
by all subjects.

Even though Rule Trained and No Rule

Training subjects did not differ at the end of Stage II,
Rule Training facilitated the learning of the rotation to
which the rule applied.

For the rod-setting task used in

the present study, Rule Training in the initial rotation
appeared to assist individuals who might have had difficulty
with the task under normal conditions.

The facilitating

effect seemed to carry over into the second rotation.
contrary to the hypothesized Rule Training effect, the

Thus,
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presence of a rule tended to facilitate rather than inter
fere with performance in the second rotation.

Finally,

there was some indication that individuals who did not ex
perience Rule Training but successfully learned the first
rotation experienced weak but persistent interference ef
fects in the second rotation.

These conclusions must be

regarded with caution, however, in light of the fact that
their justification relies so heavily upon non-significant
differences.
A number of factors might have accounted for the
failure to find the hypothesized Rule Training effect.

One

factor may have been the similarity of the two rotations.
Both involved a 15° rotation off a major axis.

By supplying

the subject with a rule, not only was a useful strategy
provided for the initial rotation, but also a way to approach
the second rotation was given.

In other words, the problem

solving aspects of the two tasks may have become similar
enough to permit a learning-to-learn effect, as might be
expected according to concept attainment research (e.g.,
Levine, 1966, 1974; Ross, Hubbell, Ross, and Thompson, 1976).
Another factor influencing the effect of Rule Train
ing might have been the effect of constant reminder of the
rule.

The subjects in the Rule Training condition might not

have been allowed to develop automatic responding because
of the number of times the rule was repeated.

In other words,

the cognitive phase of prismatic adjustment was maintained.
Some of the subjects in the No Rule Training condition
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showed a pattern of results suggestive of automatic respond
ing.

As was hypothesized, the more mechanically and spatial

ly adept individuals exhibited the apparent interference
effect.

The weakness of the effect may have been the result

of confounding effects in the present study.

More specific

ally, individuals who were not experiencing the interference
effect would be the ones who were less accurate in any case.
Their performance in the 15° rotation would appear similar
to the performance of the normally capable individuals who
were experiencing the interference effect.

For this reason,

the examination of the pattern of correlations proved to be
a useful approach.
Number of Exposures Effect.

Examination of the ef

fect of the number of exposures from each Stage II stimulus
position also proved useful in providing evidence for the
modified two-process interpretation of prismatic adjustment.
It has been found that the number of trials in a rearranged
environment affects the amount of adaptation
1966, 1968; Efstathiou, 1969).

(Ebenholtz,

Furthermore, in terms of

the development of automatic responding, Wood, Stotter, and
Godden (1974) found that persistence of set increased with
a greater number of trials.

In motor-skills tasks, lack of

variability in practice has been found to lead to greater
performance errors

(McCracken and Stelmach, 1977) and may

be due to the development of automatic responding.
In interpreting the results of the present study, it
was suggested that the number of trials at any one stimulus
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position was an important factor in the development of auto
matic responding.

The total number of trials or the lack

of variability alone was not as important a factor, unless
viewed in terms of how either affected the number of trials
at each stimulus position.

The interfering effect of the

number of trials at each stimulus position appeared to be
greater, yet delayed by a few trials, for No Rule Training
subjects.

Furthermore, the relationship between the number

of trials and the degree of automatic responding, as mea
sured by the magnitude of the error in the transfer task,
did not seem to be linear.

Rather, it appeared to be quad

ratic in nature with an intermediate number of trials from
each stimulus position causing the greatest automatic re
sponding.

The decreased interference effect in the many-

trial condition was interpreted to be the result of the
reinstatement of the rule-learning process in an attempt
to refine motor movements.
In attempting to find support for the two-process in
terpretation of prismatic adjustment, it had been hypothe
sized that both longer Stage II exposure and fewer different
Stage II positions would result in increased automatic re
sponding.

The effect of automatic responding, it was hypoth

esized, would show up as a linear increase in Stage III
errors as exposure time increased or the number of stimulus
positions decreased.

These hypotheses were not confirmed.

Increased number of Stage II trials did not result in a
linear increase in Stage III errors.

Fewer different Stage
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II stimulus positions did not result in consistently greater
Stage III errors.

However, the Number of Stage II Trials

interacted with the Number of Stage II Positions and there
was some indication that the two variables also interacted
with the Rule Training variable.

As is evident from the

results shown in Figure 10, no easily interpretable pattern
of results was seen in the three factor interaction.
An alternative way of viewing the three factor in
teraction was to consider the effect of the number of trials
at each Stage II stimulus position on Stage III performance,
rather than the effect of the total number of Stage II
trials or the number of different Stage II stimulus posi
tions on Stage III performance.

In other words, subjects

who received 32 trials from two different Stage II stimu
lus positions actually received 16 trials from each stimu
lus position.

Likewise, subjects who experienced 32 trials

in Stage II from four different Stage II stimulus positions
actually received 8 trials from each stimulus position.
By examining the Rule Trained and the No Rule Training sub
jects' Stage III errors in this manner, the results were
more easily interpretable.

Table 19 presents the mean

Stage III rod-setting error for Rule Trained and No Rule
Training subjects who experienced 2, 4, 8, or 16 trials from
each Stage II stimulus position.

Figure 12 shows the graphs

of the mean Stage III rod-setting errors for the Rule
Trained and the No Rule Training subjects, based on the
number of trials from each stimulus position.

Interpretation
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Table 19
Rod-Setting Errors
Stage III

No. Trials

n

2

8

4

16

13.02

11.36

8

16

16.53

15.44

16

8

7.58

15.05

Rule Training
9.14a

No Rule Training
12.43

aEach number represents male's and females average
error across 18 trials.
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17
No Rule
Training

16

14
13

(in

degrees)

15

Average

Error

12

••

11
10

••

Rule Training

2

4

8

16

Number of Stage II Trials

Fig. 12.

Mean rod-setting errors in Stage III for

the Rule Trained (•— — — •) and the No Rule Training
subjects.

( Ir*

“* tA)
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of the data when viewed in this manner suggested that, in
general, the number of trials from each stimulus position
affects the development of automatic responding, with an
intermediate number of trials resulting in the greatest
amount of automatic responding.
More specifically, the examination of the pattern of
results shown in Figure 12 suggested that, for Rule Trained
subjects, increasing the number of trials at each stimulus
position from two to four to eight resulted in a linear
increase in Stage III errors.

Sixteen trials from each

Stage II stimulus position resulted in a drastic decrease
in Stage III errors for the Rule Trained subjects.

The

pattern of results for subjects who did not receive Rule
Training was different.

Experiencing two or four trials

from each Stage II stimulus position did not result in
different amounts of Stage III errors.

Experiencing eight

or 16 trials from each Stage II stimulus position resulted
in greater Stage III error than experiencing two or four
trials from each stimulus position.

However, Stage III

error after eight or 16 trials from each Stage II stimulus
position did not appear to differ from each other.
Comparison of the Rule Training and the No Rule Train
ing data led to the suggestion that the absence of Rule
Training delayed for a few trials the effect of the number
of trials from each Stage II stimulus position.

In other

words, subjects who did not receive Rule Training and had
experienced four trials from each Stage II stimulus position
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might be equated with subjects in the Rule Training condi
tion who had received two trials from each Stage II stimu
lus position.

Because of the design of the present study,

data were not available to determine whether the function
for the No Rule Training subjects continued to increase
linearly beyond eight trials from each Stage II stimulus
position before Stage III error declined sharply.

This

type of pattern would be expected, however, if the pattern
of results for No Rule Training subjects is to be considered
as similar to the pattern of results for Rule Trained sub
jects, except with a delay of a few trials.

Further re

search is needed to determine if this is the case.
In interpreting the effect of exposure length, using
the number of trials at each Stage II stimulus position as
the independent variable, it appeared that longer exposure
to Stage II rotation resulted in an increase in Stage III
errors but only to a point.

Beyond that point, increasing

the length of Stage II exposure decreased the amount of
Stage III error.

The decrease was unexpected and could not

be interpreted in terms of the hypothesized effect of ex
posure length on the two processes in prismatic adjustment.
One explanation might be that, for the number of trials
involved in the present study, development of automatic
responding to the different Stage II stimulus positions
occurred after an intermediate number of Stage II trials
from each position.

Responding in Stage II, by the end of

the intermediate number of Stage II trials from each posi
tion, was geared to a general reversal of the axes.

As
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the number of trials from each stimulus position increased,
subjects may have tried to refine their motor movements to
include the 15° counterclockwise adjustment needed to be
accurate.

Such an interpretation was supported by the sig

nificantly smaller Stage III errors for Rule Trained sub
jects who had experienced 16 Stage II trials from each of
two stimulus positions.
Interpreting the results in terms of the two-process
model of adjustment would suggest that adjustment proceeds
from a cognitive rule-learning process to an automatic
perceptual-motor process and then, for some individuals,
a return to the cognitive rule-learning process in order to
refine the motor movements.

The decrease in Stage III

errors with the experiencing of many trials from each Stage
II stimulus position might have been the result of subjects
reinitiating a cognitive rule-learning process in Stage II
in order to develop and refine the motor movements for a
75° adjustment rather than a 90° adjustment.

Automatic re

sponding would have been eliminated, for a time at least,
and a decrease in the interference transfer effect would
have been seen in Stage III performance.

This interpreta

tion would also have accounted for the more drastic decrease
in Stage III errors for Rule Trained subjects than for No
Rule Training subjects.

Rule Trained subjects were explicit

ly told that adjustment in Stage II necessitated a slight
adjustment off the 90° axis.

By knowing this, not only were

the Rule Trained subjects one step ahead of the subjects
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who did not receive Rule Training, but also they could at
tribute errors to the rotation off 90° rather than to their
inability to accurately reverse the axes, as some No Rule
Training subjects might have believed.

Thus, Rule Trained

subjects may have attempted the refinement after fewer
trials and may have had a better idea of how to accomplish
it.
If, as was suggested by the pattern of previously
discussed correlations comparing Rule Training and No Rule
Training data, No Rule Training subjects performed more
poorly in Stage III because of the development of automatic
responding in certain individuals, evidence to this effect
should have been seen in the data comparing Stage III per
formance after varying number of exposures at each stimulus
position.

There was some indication that, when comparing

comparable experience for Rule Trained and No Rule Training
subjects, that is, taking into account the delay imposed on
the No Rule Training subjects by the absence of a rule,
Rule Trained subjects committed smaller errors in Stage III.
For example, if two trials per Stage II position for Rule
Trained subjects was comparable to four trials per Stage II
position for No Rule Training subjects, then Rule Trained
subjects' errors in Stage III averaged 4.5° or 25% smaller
than No Rule Training subjects' errors in Stage III.

Simi

larly, if 16 trials per Stage II position for No Rule Train
ing subjects was comparable to 12 or 14 trials per Stage II
position for Rule Trained subjects, then it would appear
from the existing function that Rule Trained subjects'
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errors in Stage III were approximately 5° or 25% smaller
than No Rule Training subjects' errors in Stage III.

These

possible conclusions provide further support for a twoprocess model of adjustment in which Rule Training acts
to maintain the initial cognitive rule-learning phase while
lack of Rule Training permits the development of automatic
responding for certain individuals.
Finally, one puzzling finding concerning the relation
ship between Rule Training and the number of Stage II trials
was found.

The results of subjects' verbal reports sug

gested that No Rule Training subjects who experienced 16
total trials in Stage II considered that a rule would have
been helpful while No Rule Training subjects who experi
enced either 8 or 32 total trials in Stage II felt that a
rule would not have been helpful.

Apparently, for indi

viduals who did not receive a rule, the subjective value
of the rule depended on the phase of learning that had been
reached by the end of Stage II.

Perhaps individuals who

had experienced 8 total Stage II trials and were less likely
to have had success felt that a rule would not have elimi
nated initial failure.

Those individuals who had experi

enced 32 total Stage II trials, for the most part, experi
enced success and may not have seen any possible benefit to
a rule.

However, individuals who had received 16 total

Stage II trials were on the threshold of success and may
have felt that a rule would have eliminated many of the er
rors committed during learning.

This interpretation would
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indicate that the timing of rule training or any didactic
training may be an important factor in its subjective value.
It would appear that training after some degree of learning,
as well as after some degree of failure, may heighten the
appreciation of the training.
Questions for Future Research
The present research suggested a number of experi
mental conditions which must be studied in order to better
understand the processes involved in adjusting to rearrange
ment.

One important question that must be examined is the

relationship between the number of trials at a stimulus
position and the degree of automatic responding.

The effect

of more than 16 trials from each stimulus position could not
be determined by the present study.

According to the inter

pretation that decreased interference resulted from the re
institution of the rule-learning process to refine motor
movements, once motor movements are refined, automatic re
sponding should redevelop.

Further research is also needed

to determine if the effect of the number of trials at each
stimulus position for Rule Trained subjects is, in fact,
similar to the effect for No Rule Training subjects once a
delay is taken into account.
In order to better define the influence of individual
differences on prismatic adjustment, a measure of conceptual
reasoning ability more in line with the task involved must
be found.

One test that deserves consideration is the Watson-

Glaser Critical Thinking Appraisal

(1964).

The use of such
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a test would be especially important to differentiate groups
of Rule Trained subjects since their task in the present
study necessitated greater reliance on conceptual reasoning.
Finally, a way to increase the size of the interfer
ence effect must be found.

One such way may be to use a

different combination of rotations which prove to be more
difficult.

The increased difficulty may act to better dif

ferentiate groups of subjects by increasing the variability
between groups.

This, in turn, may better reveal the pro

cesses involved in adjusting to prismatic rotation.

Another

way to increase the magnitude of the treatment effects may
be to extensively pretrain subjects on the use of the appa
ratus.

Not only would extensive pretraining familiarize

the subject with the apparatus, but also it would assist
the subject in finding a setting procedure which resulted
in the least amount of variability.

By eliminating some of

the within subjects variability, a better assessment of
treatment effects and individual differences on adjustment
to prismatic rotation could be found.
Thus, an experimental design that may assist in an
swering unresolved questions regarding the use of different
processes might include the following factors:
(1) Homogeneous subgroups of individuals with similar
mechanical-spatial abilities as well as similar conceptual
reasoning abilities.
(2) A Rule Training stage which vrould involve not
only the presence or absence of a rule but also would vary
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the amount of repetition of the rule during training.
(3) A greater range in the number of trials from
each stimulus position during the Rule Training stage, thus
allowing for a better estimation of the effect of the num
ber of exposures from each stimulus position on the develop
ment of automatic responding.
(4) A second rotation that is more difficult than
the 15° rotation used in the present study, thus having the
effect of better differentiating groups of subjects.
(5) A more extensive period of pretraining, possibly
given in a separate session, designed to decrease within
subject variability.
In conclusion, much research needs to be done before
an understanding of the individual differences and the nature
of the processes in prismatic adjustment is reached.

It

seems apparent that the method of tapping the processes must
be very sensitive to clearly show the processes.

Therefore,

modification in the methodology used in the present study
should be made.

At present, the nature of the modifications

is under consideration.
Summary
The results of the present study supported the hypoth
esis that an individual's mechanical-spatial ability influ
ences his or her adjustment performance.

More mechanically

and spatially adept individuals performed better in the ini
tial rotation and were more likely to show interference
effects under No Rule Training conditions.

No support was
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found for Rule Training causing greater interference in
Stage III, or for the influence of perceived similarity
between Stage II and Stage III stimulus positions on Stage
III performance.

Also, no support was found for a linear

increase in Stage III errors with an increase in the number
of Stage II trials or a decrease in the number of different
Stage II positions.

Therefore, support for the four hy

potheses developed from the two-process model of adjustment
was not found.
However, the pattern of significant and non-signif
icant results suggested a number of post hoc hypotheses con
cerning the nature of the two-process model of adjustment.
According to the post hoc hypotheses, a rule-learning pro
cess may be followed by an automatic perceptual-motor pro
cess but the variables affecting the development of auto
matic responding were re-evaluated.

In the re-evaluation,

repetition of the adjustment rule during Stage II prevented
the development of automatic responding.

Furthermore, the

number of trials at each Stage II stimulus position affected
Stage III performance in a manner indicative of the develop
ment of automatic responding followed by a reversion to the
rule-learning process during Stage II.

The reversion to

the rule-learning process was thought to be due to the at
tempt to improve accuracy in the Stage II rod-settings.
Before a thorough understanding of the two-process
model of prismatic adjustment can be reached, further re
search must be undertaken in an attempt to better define
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the effects of Rule Training, the effects of the number of
trials from each Stage II position, and the influence of
individual differences on the development of automatic re
sponding.

Appendix A
Instructions
The following instructions were
given to all subjects at the beginning
of the experimental session.
I want to thank you for signing up to take part in
this study.

I hope what we learn here today will be of suf

ficient interest to you to justify your participation.

This

particular experiment is an attempt to verify some of the
processes that people use to accurately perceive and adjust
to changes in the visual world.
the experiment.
remain the same.

There are three stages to

The task in each of the three stages will
It will be to judge the tilt of an object

which you see in the visual field.

The conditions for view

ing the visual field will change from one stage to the next.
I will tell you when I change the viewing conditions and,
at the end of the experiment, I will describe the nature of
the study in greater detail and answer any questions you
might have about the experiment.
If you look at the wall in front of you, there is a
rod which can easily
it if you wish.

be moved by you.

You can try moving

You will use this rod to tell me the tilt

of a red dowel which you will see in the visual field.

The

visual field I am referring to is the white circular area
with the red dowel across it, seen when looking through the
eyepiece on the board in front of you.
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You should keep
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your left hand in your lap throughout the experiment, since
you will be using your right hand to set the rod.

Also,

it will be best to position yourself, once we get going,
so that the eyepiece is at a comfortable eye level.

This

is because once I finish reading the instructions and the
experiment begins, you should not remove your head from
the headrest, except when I indicate that you should.

The

reason for this is that I want to eliminate all outside
interference.

I'll help you adjust the chair if you wish.

I will now give you an overview of the task.

After

I finish giving you this overview, I will check to be cer
tain you understand the nature of the task.

Please feel

free to ask questions if any of the instructions are not
clear to you.
There will be a number of trials in each of three
stages of the experiment.

In each trial you will see a red

dowel in the visual field.

For each trial, your task will

be to set the rotatable rod with your right hand so that
it is parallel to the actual tilt of the red dowel.

This

is to be done without removing your eye from the eyepiece.
In other words, while still looking through the eyepiece,
try to set the rod to reflect how the red dowel is placed
in the visual field.
The red dowel will be visible for 3 seconds and then
the field will be darkened briefly while I record how you've
set the rod.

I will then prepare to give you information

on the accuracy of your rod-setting.

When the light is
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turned on, you will see two lines.
be red and the other will be black.

One of the lines will
The red line shows how

the dowel was actually placed.

The black line shows how

you set the rod to reflect it.

Using this visual feedback,

you should attempt to correct any discrepancy in the angle
between the red and the black line when setting the rod on
the next trial.

On each successive trial your job will be

to get the black line as close as possible to the red line.
The field will then darken again in order to remove
the feedback and prepare for the next trial.

When the light

is turned on, I will announce the start of the next trial.
Until I tell you otherwise, the viewing conditions remain
the same.
Why don't you tell me what you will be doing so that
I can be sure you fully understand the instructions.
(Let S tell his/her understanding, correcting when
needed.)
Good!

So that all participants hear the same summary

right before the experiment begins, let me briefly summarize
what you will be doing.
Once your head is in position and your right hand is
on the rod, the field will be illuminated and you will see
a red dowel across the field.

From this point on, until I

tell you otherwise, you should not remove your head from
the headrest.

On each trial, you are to set the rod as

quickly as possible so that the angle of your rod-setting
is parallel to the actual position of the red dowel.

The
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field will then be darkened and when it is reilluminated,
you will see two lines that compare your rod-setting with
the actual placement of the stimulus dowel.

The light will

go off and I will announce that a new trial is about to
begin.

Two very important things to remember are that at

no time should you remove your head from the headrest posi
tion until I tell you to do so and you should briefly
remove your hand from the rod after the lines of feedback
have been in the field of view so that I can reposition
the response rod.

I'll be talking to you, telling you more

specifically what to do throughout the first and second
stages.
Are you ready to begin?

Most people find it much

easier to wear an eye patch over the eye they don't want
to use.

I'd suggest it.

Appendix B
Stimulus Dowel and Response Rod Placement
Sequences for Stage II Conditions
The following six tables show the sequence of stimu
lus dowel and response rod placements for each Number of
Different Stage II Positions-by-Number of Stage II Trials
combination.

Table A
Sequence of Stimulus Dowel and Response Rod
Placements for the 2 Different Stage II
Positions, 8 Stage II Trials Condition

Trial

Stimulus Dowel
0
o

+60°a

1

+50°

2

1

3

+50°

1

Prelim

Response Rod

4

-25°

+45°

5

-25°

+30°

6

+50°

+60°

7

-25°

-45°

8

+50°

0°

U)
O

o

O

LT)
CM

0

0

-60°

aThe + and - represent clockwise and counterclockwise
off vertical, respectively.
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Table B
Sequence of Stimulus Dowel and Response Rod
Placements for the 4 Different Stage II
Positions, 8 Stage II Trials Condition

Prelim

Stimulus Dowel
V£)
O
0

Trial

Response Rod
+30°a

0°

+60°

2

+25°

-45°

3

-25°

1

4

+50°

90°

5

-25°

+45°

6

0°

+30°

7

+25°

0°

8

+50°

-30°

0
0

1

aThe + and - represent clockwise and counterclockwise
off vertical, respectively.
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Table C
Sequence of Stimulus Dowel and Response Rod
Placements for the 2 Different Stage II
Positions, 16 Stage II Trials Condition

Trial

Stimulus Dowel

+60°a
o
0
1

2

+50°

-45°

3

+50°

+30°

4

-25°

0°

5

+50°

90°

6

+50°

+45°

7

-25°

0
0
1

8

-25°

+60°

9

+50°

-60°

10

-25°

0
o

11

+50°

-30°

12

+45°

13

-25°

+30°

14

+50°

+60°

15

-25°

0
in
l

16

+50°

0°

0

-25°

ro

1

1

90°

to
<J1

Prelim

Response Rod

aThe + and - represent clockwise and counterclockwise
off vertical, respectively.
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Table D
Sequence of Stimulus Dowel and Response Rod
Placements for the 4 Different Stage II
Positions, 16 Stage II Trials Condition

Trial

Response Rod
oa

90°

+30

1

+25°

90

2

-25°

+60°

3

0°

+45°

4

+50°

-45°

5

-25°

6

0°

-60°

7

+50°

+30°

8

+25°

0
0
m
1

Prelim

Stimulus Dowel

9

o

o

0

+25°

-45°

11

-25°

-60°

12

+50°

13

-25°

+45°

14

o

+30°

o

o
o

+50°

o

16

o
0
1

+25°
CO

15

O

10

o

o

+60°

a

The + and - represent clockwise and counterclockwise
off vertical, respectively.
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Table E
Sequence of Stimulus Dowel and Response Rod
Placements for the 2 Different Stage II

Response Rod
+60

o®-

1

-25°

+45°

2 .

+50°

90°

3

+50°

1
u>
o
O

Prelim

Stimulus Dowel
KO

Trial

o
0

Positions, 32 Stage II Trials Condition

4

-25°

-60°

5

+ 50°

+60°

6

+50°

0°

7

-25°

+30°

8

-25°

-45°

9

+50°

+30°

10

-25°

0°

11

+50°

-60°

12

-25°

-30°

13

-25°

90°

14

+50°

-45°

15

-25°

+60°

16

+50°

+45°

17

-25°

-60°

.18

+50°

-45°

19

+50°

+30°
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Table E - Continued

Trial

Stimulus Dowel

Response Rod

20

-25°

21

+50°

22

+50°

+45°

23

-25°

CO
1

24

-25°

+60°

25

+50°

-60°

26

-25°

0
o

27

+50°

-30°

28

-25°

+45°

29

-25°

+30°

30

+50°

+60°

31

-25°

32

+50°

0°
0
o

<T\

0
0
0

1

LO

0°

aThe + and - represent clockwise and counterclockwise
off vertical, respectively.
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Table F
Sequence of Stimulus Dowel and Response Rod
Placements for the 4 Different Stage II
Positions, 32 Stage II Trials Condition

Trial
Prelim

Stimulus Dowel

Response Rod

90°

+30°a

1

-25°

90°

2

0°

-30°

3

+25°

+45°

4

+50°

+60°

5

0°

90°

6

-25°

-45°

7

+50°

0°

8

+25°

+30°

9

-25°

-30°

10

+25°

-60°

11

+50°

12

0°

-45°

13

+50°

-60°

14

+25°

+60°

15

0°

0°

16

-25°

+30°

17

+25°

90°

18

-25°

+60°

19

0°

+45°

o

+45

°
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Table F - Continued

+50°

0
in
1

21

-25°

0°

22

0°

23

+50°

+30°

24

+25°

25

0°

+60°

26

+25°

-45°

27

-25°

28

+50°

90°

29

-25°

+45°

30

0°

+30°

31

+25°

0°

32

+50°

-30°

a\

a\

20

1
o
0

Response Rod

1
u>
o
0

Stimulus Dowel

1
o
0

Trial

a

The + and - represent clockwise and counterclockwise
off vertical, respectively.

Appendix C
Post-Experimental Questions
The following questions were asked
of subjects after the experimental
session.
1.

What tilt, if any, was in effect during Stage III?

2.

How did you become effective in setting the rod in
Stage III?

3a. (For Rule Trained subjects) Did the rule, given to you
in Stage II, help you to become accurate in that stage?
b.

(For No Rule Training

subjects) How did you become

effective in setting the rod in Stage II?
4a.

(For Rule Trained subjects) Do you think you would have
beenhelped more by a

b.

(For No Rule Training

different rule in Stage II?
subjects) Some subjects received

the following rule at the beginning of Stage II: "First
set the rod like you see the dowel.

Then rotate the

rod 90° or perpendicular to how you see the dowel.
Finally, a slight counterclockwise adjustment should
bring you right on target."

Do you think you would have

been helped by this rule?
5.

Did you find yourself setting the rod without thinking
about it?

If so, were you accurate or inaccurate?
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Appendix D
Debriefing
All subjects received the follow
ing debriefing at the conclusion of
the experimental session.
This is a study in visual perception.

Specifically,

it is an attempt to define how individuals readjust to
changes in their visual system.

I'm sure most people have

experienced the initial difficulty of interpreting movement
while looking in a mirror.

Very quickly, however, you re

adjust your sensory interpretation so that accuracy is
achieved.

A good example of this is trying to trim your

hair while looking in the mirror.

It may be difficult at

first, but very rapidly, you adjust your notions so that
your movements reach the objective without error.
The study in which you have participated is a followup study to some of my previous research in perceptual adjust
ment.

I did not use mirrors in the present study.

Rather,

I used prisms that tilted to some degree what you saw in
Stage II and Stage III.

My previous research found that a

75° tilt in Stage II interfered with performance in a 15°
subsequent rotation.

The basic question in the present

study is whether the interference effect is the same regard
less of the nature and number of trials in Stage II.

Spe

cifically, I hypothesize that rule training and a greater
number of trials from a fewer number of different stimulus
144
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positions will lead to greater interference in the later
rotation.
In this study, the dependent variable on each trial
was the difference

between how you reported the stimulus

was placed and how it was actually placed.

How you reported

the stimulus to be placed was determined by how you set the
rod.
There were four major independent variables in this
study.

As you probably know, independent variables are

those variables in the study that affect the dependent vari
able.

One independent variable here was whether or not you

were given a specific rule to use in Stage II.

Another in

dependent variable was the number of trials you received in
Stage II.

Some of you had 8 trials, others had 16, and

still others had 32 trials.

A third independent variable

was whether the red dowel was placed at two or four different
positions during Stage II.

Each of these was hypothesized

to influence the way you performed in Stage III.

The final

major independent variable in the study was the placement
in Stage III.

Some positions looked very similar to posi

tions from Stage II while others looked very different.

I

want to see if the perceived similarity affects the amount
of interference.
Some of the control variables in the present study
were: all subjects used the same apparatus; all subjects
were tested by the same experimenter, and all subjects were
read the same instructions.

By having these control
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variables, I can be more positive that any effect that does
occur, was due to the independent variables and not to the
type of instruction or the way the experimenter acted.
Many people want to know the practical implications
of an experiment.

The aim of this study is to better deter

mine the effect of experience on readjustment to change.
People differ in their ability to adjust to change.

In

order to define some of the different types of people, I
gave each of you the Verbal Reasoning, the Mechanical Reason
ing, and the Space Relations scales of the Differential
Aptitude Test.

Application of the results of this experi

ment may be useful in training individuals to adjust to any
change— perceptual or otherwise.

Some people may find ad

justment to environmental changes easier when given specific
verbal instructions.
variety of experience.

Others may be helped by providing a
The results of this experiment will

assist in determining how to best help individuals adjust.
I would like to thank you for being a part of this
study.

If you have any questions, feel free to ask them now

or to contact me later in Conant Hall

(Mike Tirrell).

I

would appreciate it if you did not discuss the specifics of
the experiment with others who might take part in the experi
ment.

It may bias the results.

Thank you.
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